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TO  THE  CONGRESS  OF 
THE  UNITED  STATES: 


The  people  of  this  country  share  a  deeply  rooted  love  and  con¬ 
cern  for  the  environment.  We  have  been  blessed  with  a 
wealth  of  natural  resources  that  enrich  our  physical  and 
spiritual  lives,  and  throughout  our  history  we  have  recognized 
our  responsibility  to  protect  those  resources  for  the  generations 
to  come. 

Even  as  the  pioneers  traveled  west  to  civilize  a  wild  and 
seemingly  endless  frontier,  there  were  Americans  who  under¬ 
stood  that  the  Nation’s  natural  resources  had  to  be  conserved  for 
the  future.  In  1871,  long  before  all  of  the  continental  states  were 
incorporated  into  the  Union,  two  million  acres  were  set  aside  to 
create  Yellowstone,  our  first  national  park. 

The  consequences  of  thoughtless  exploitation  of  our  natural 
resources  began  to  be  noticed  more  than  a  century  ago.  In  1908, 
President  Theodore  Roosevelt  convened  at  the  White  House  a  na¬ 
tional  conference  on  conservation,  where  he  said:  "The  wise  use 
of  all  our  natural  resources,  which  are  our  national  resources  as 
well,  is  the  great  material  question  of  today."  That  conference 
was  a  historical  landmark  in  the  development  of  public  policy  to 
protect  and  manage  this  country’s  natural  resources. 
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Our  national  environmental  ethic  was  expressed  with  par¬ 
ticular  clarity  and  conviction  in  1970.  On  the  first  day  of  that 
year,  President  Nixon  signed  the  National  Environmental  Policy 
Act,  which  created  the  Council  on  Environmental  Quality  and  in¬ 
corporated  environmental  awareness  into  the  planning  processes 
of  the  Federal  Government.  On  the  last  day  of  1970,  the  Presi¬ 
dent  signed  the  Clean  Air  Act,  the  Nation’s  first  comprehensive 
environmental  protection  law.  During  that  year,  the  Environ¬ 
mental  Protection  Agency  and  the  National  Oceanographic  and 
Atmospheric  Administration  were  established.  And  on  April  22, 
1970,  millions  of  Americans  voiced  their  environmental  hopes 
and  concerns  on  Earth  Day. 

This  long  national  tradition  of  natural  resource  stewardship 
and  environmental  protection  continues  today,  and  in  many 
ways  it  is  stronger  than  ever.  During  the  last  20  years  we  have 
built  on  the  work  begun  in  1970,  and  the  results  have  been 
remarkable.  Possible  effects  on  the  environment  are  now 
weighed  carefully  whenever  Federal  agencies  plan  major  actions. 
Our  scientists  have  developed  pollutant  detection  and  control 
technologies  that  are  far  more  effective  than  an3rthing  available 
in  1970.  Environmental  laws  are  now  enforced,  and  environmen¬ 
tal  crimes  punished,  at  every  level  of  government,  and  enforce¬ 
ment  officials  have  more  legal  and  technical  tools  at  their 
disposal  than  ever  before.  Besides  spending  billions  of  dollars  a 
year  to  capture  pollutants  before  they  enter  the  air  or  water, 
American  companies  are  beginning  to  invest  in  production 
materials  and  processes  that  generate  much  less  pollution.  And 
governments  around  the  world  are  working  together  in  unprece¬ 
dented  ways  to  solve  pollution  problems  that  affect  the  global 
quality  of  life. 

We  can  be  proud  of  our  environmental  track  record.  In  many 
ways  we  have  set  an  example  for  the  rest  of  the  world,  and  other 
nations  continue  to  look  to  the  United  States  for  environmental 
leadership.  Over  the  past  year,  as  the  countries  of  Eastern 
Europe  shook  off  their  chains  and  took  charge  of  their  own  politi¬ 
cal  and  economic  lives,  they  turned  to  us  for  help  in  reversing 
decades  of  environmental  neglect. 

This  1989  Report  to  the  Congress  on  Environmental  Quality 
is  a  retrospective — a  look  back  at  the  ways  our  national  environ¬ 
mental  ethic  has  evolved  over  the  past  20  years.  And  in  looking 
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back,  the  report  also  suggests  a  fair  measure  of  hope  for  the  fu¬ 
ture. 

We  have  not  solved  all  our  environmental  problems.  Some 
we  have  only  begun  to  understand.  But  over  the  past  2  decades 
we  have  proven  to  ourselves,  and  to  the  rest  of  the  world,  that  we 
are  willing  to  act  on  our  beliefs.  If  the  best  prophet  of  the  future 
is  the  past,  as  Lord  Byron  once  wrote,  then  our  children  and 
grandchildren  can  look  forward  to  the  same  good  health,  clean 
environment,  and  abundant  natural  resources  that  so  many 
Americans  have  been  so  fortunate  to  share. 


THE  WHITE  HOUSE 


EXECUTIVE  OmCE  OF  THE  PRESIDENT 
COUNCIL  ON  ENVIRONMENTAL  QUALITY 
WASHINGTON.  DC  20500 


Letter  of  Transmittal 


The  President: 

Sir:  The  Council  on  Environmental  Quality  herewith  sub¬ 
mits  its  Environmental  Quality  Report  for  the  year  1989  in  ac¬ 
cordance  with  section  201  of  the  National  Environmental  Policy 
Act  of  1969  (42  U.S.C.  4341). 


Respectfully, 


Michael  R.  Deland 
Chairman 
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From  the 
Chairman 


This  is  a  very  special  year  for  the  staff  at  the  Council  on  En¬ 
vironmental  Quality.  While  we  are  celebrating  CEQ’s  own 
20th  birthday,  we  are  joining  with  the  rest  of  the  country  to 
celebrate  the  20th  anniversary  of  all  the  events  that  marked 
1970  as  a  watershed  in  the  history  of  the  environmental  move¬ 
ment  in  the  United  States. 

Birthdays  and  anniversaries  are  by  definition  times  of 
reflection.  They  remind  us  of  the  past,  of  what  we  once  were.  But 
our  commemorations  of  the  past  are  also  comments  on  the 
present,  because  when  we  look  back  at  the  turning  points  in  our 
lives,  we  measure  how  far  we  have  come.  To  that  end,  I  asked 
Russell  Train,  CEQ’s  first  chairman,  for  his  views  on  the 
progress  that  CEQ  has  made  over  the  past  two  decades.  His 
remarks  are  included  as  a  forward  to  this  report. 

This  year’s  annual  report  to  the  Congress  departs  from  past 
practice  in  the  sense  that  it  does  not  discuss  in  detail  the  en¬ 
vironmental  issues  and  trends  of  the  moment.  Instead,  it  is  a 
retrospective,  an  evaluation  of  the  distance  traveled  since  1970. 
It  is  important  to  remind  ourselves,  as  we  engage  in  our  daily 
debates  over  the  nuance  of  evolving  environmental  policy,  that 
this  country  has  come  a  very  long  way  in  the  past  20  years. 

This  year’s  CEQ  Annual  Report  is  also  different  in  another 
sense.  Because  the  events  of  1970  emphasized  environmental 
quality  and  pollution  control,  this  20-year  retrospective  neces¬ 
sarily  emphasizes  them  as  well.  The  lack  of  attention  to  natural 
resource  issues  is  a  function  not  of  disregard,  but  of  history. 
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The  subject  matter  of  this  report  was  selected  to  exemplify 
the  different  ways  that  environmental  policy  has  evolved  over 
the  past  two  decades.  Other  examples  could  have  been  used  to 
make  the  same  point.  There  is  little  mention  here,  for  instance, 
of  environmental  economics,  yet  the  integration  of  environmen¬ 
tal  and  economic  concerns  is  surely  one  of  our  most  notable 
achievements.  Over  the  past  two  decades  the  presumed  linkage 
between  economic  growth  and  environmental  degradation  has 
been  broken.  For  example,  since  1970  the  U.S.  economy  has 
grown  by  about  70  percent  in  real  terms,  while  energy  use  and 
CO2  emissions  have  stabilized. 

We  know  now  that  a  growing  economy  and  a  clean  environ¬ 
ment  can  go  hand  in  hand.  We  are  in  the  vanguard  of  what  Presi¬ 
dent  Bush  has  called  "an  early  new  way  of  thinking  to  achieve 
both  while  compromising  neither,  by  applying  the  power  of  the 
market  place  in  the  service  of  the  environment."  This  maturation 
in  our  thinking  is  evidenced  by  the  continuing  shift  in  emphasis 
from  the  "command  and  control"  approach  that  regulates  pol¬ 
lutants  at  the  end  of  the  pipe  to  a  newer  focus  on  preventing  pol¬ 
lution  in  the  first  place. 

In  this  country,  the  President  has  proposed  a  new  Clean  Air 
Act  that  sets  environmental  targets,  but  gives  industry  the 
leeway — and  the  incentive — ^to  hit  those  targets  in  the  most  effi¬ 
cient  way.  In  Europe,  countries  downwind  of  industrial  pollution 
are  beginning  to  pay  for  controls  in  other  countries,  because  such 
investments  bring  substantial  environmental  benefits  to  the 
donor  countries.  Few  people  in  1970  would  have  predicted  that 
market  incentives  would  play  such  an  important  role  in  environ¬ 
mental  protection  20  short  years  later. 

Thus  the  material  in  this  report  should  be  considered  il¬ 
lustrative,  not  exhaustive.  It  illustrates  how  far  we  have  come 
and,  by  extension,  how  far  we  have  yet  to  go.  It  illustrates  the 
importance  that  the  American  people  attach  to  the  quality  of  the 
environment.  It  illustrates  the  debt  that  we  all  owe  to  the  people 
who  worked  so  hard  for  the  environment  in  1970.  And  it  fortifies 
our  resolve  to  work  that  much  harder  to  protect  the  environment 
for  future  generations. 


This  report  was  written  and  assembled  by  many  bands,  and 
I  very  much  appreciate  their  work.  Special  thanks  go  to  the  fol¬ 
lowing  individuals: 


■  Chapter  One:  Tom  Super,  who  also  served  as  the  overall 
manager  for  this  report 

■  Chapter  Two  and  related  NEPA  materials:  Carl 
Bausch,  Ed  Yates,  Dinah  Bear,  and  Sara  Nero  of  CEQ 

■  Chapter  Three:  Lisa  Gandy  and  Kent  Thornton  of  FTN 
Associates 

■  Chapter  Four:  Dave  Alexander  and  Larry  Buc  of  ICF, 
Inc.,  with  assistance  from  Prof.  Albert  Rabbat  of  Tufts 
University  and  Dale  Curtis  of  CEQ 

■  Chapter  Five:  Barry  Walden  Walsh,  independent  con¬ 
sultant,  with  review  assistance  from  Lisa  Jorgenson 

■  Chapter  Six:  Christine  Ervin,  Fran  Irwin,  Eric  Hostetler, 
Bill  Silagi,  and  Barbara  Rodes  from  The  Conservation  Foun¬ 
dation,  with  assistance  from  Mary  Holland  of  CEQ 

■  Chapter  Seven:  John  Cohrssen  of  CEQ,  with  assistance 
from  Jonathan  Elkind  of  CEQ  and  Konrad  von  Moltke, 
Chaplin  Barnes,  Scott  Hajost,  and  Andy  Sens 

■  Larry  Silverman,  independent  consultant,  with  assistance 
from  Robin  O’Malley  of  CEQ 

In  addition,  I  want  to  thank  Brenda  Heffeman,  Kim  Chas¬ 
tain,  Kathleen  Gallagher,  and  Donna  Connell  for  administrative 
support;  JT&A,  Inc.,  for  their  professional  typing,  editing, 
layout,  and  production  services;  and  Barry  Walden  Walsh  for 
editing  and  proofreading.  Mike  Schneider  and  Caesar  Jackson  of 
the  U.S.  Information  Agency  assisted  us  with  graphics,  and  Car- 
roll  Curtis  assembled  the  statistical  appendix.  The  photos  used 
in  this  report  are  courtesy  of  EPA’s  Steve  Delaney  and  the  As¬ 
sociated  Press.  Finally,  Tom  Super  demonstrated  a  rare  blend  of 
patience  and  tenacity  in  managing  the  preparation  of  this  report, 
and  I  am  especially  grateful  for  his  efforts. 
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Foreword 


by 

Russell  E.  Train 

First  Chairman  of  the  Council  on  Environmental  Quality 

rn  February  1970  President  Nixon  introduced  Gordon  Mc¬ 
Donald,  Robert  Cahn,  and  me  to  the  White  House  press  as  the 
first  members  of  the  Council  on  Environmental  Quality.  At  that 
time  the  President  declared  that  the  Council  would  be  the  en¬ 
vironmental  conscience  of  the  nation. 

Heady  stuff,  particularly  at  a  time  when  the  first  high  tide 
of  environmental  concern  and  activism  was  approaching  its 
peak.  The  first  Earth  Day  was  just  two  months  away.  Of  course, 
the  President’s  prescription  seemed  to  imply  that  the  Council 
would  act  as  a  "bully  pulpit"  from  which  to  criticize  and  exhort 
American  society  and  institutions,  including  other  government 
agencies,  in  the  interest  of  environmental  protection.  In  practice, 
that  was  not  a  role  that  the  Council  could  appropriately  fill.  As 
part  of  the  Executive  Office  of  the  President,  ours  was  necessari¬ 
ly  an  "inside"  operation,  one  that  depended  less  on  high  public 
visibility  and  more  on  quietly  mobilizing  the  federal  bureaucracy, 
making  the  system  work,  and  using  the  clout  that  Presidential 
backing  gave  us.  And,  inevitably,  as  the  Environmental  Protec¬ 
tion  Agency  came  into  existence  at  the  close  of  1970,  it  was  EPA 
that  assumed  the  more  visible  role  as  the  public  protector  of  the 
environment. 

Nonetheless,  I  still  contend  that  the  Council  played  an  ab¬ 
solutely  seminal  role  in  the  development  of  the  federal  govern¬ 
ment’s  environmental  policy  and  program,  both  domestically  and 
internationally. 
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The  National  Environmental  Policy  Act,  in  addition  to  estab¬ 
lishing  CEQ,  also  mandated  the  environmental  impact  state¬ 
ment  process,  and  to  CEQ  fell  the  task  of  translating  that 
mandate  into  an  effective  government-wide  system.  The  Council 
developed  and  issued  EIS  guidelines  for  the  guidance  of  each  of 
the  principal  federal  agencies  and  then  worked  closely  with 
them,  cajoling  and  pushing  as  needed,  to  see  to  it  that  effective 
arrangements  were  established  and  then  carried  out  by  the 
agencies  themselves.  In  some  cases,  it  was  an  uphill  struggle! 
Bureaucracies,  whatever  system  of  government  is  involved,  do 
not  easily  accept  change,  let  alone  revolution,  in-the  way  they  do 
business. 

There  had  been  an  effort  on  the  part  of  some  agencies  to 
make  CEQ  itself  responsibile  for  conducting  environmental  im¬ 
pact  analyses  for  all  relevant  federal  actions.  A  procedural 
nightmare  would  have  resulted,  and  we  early  saw  the  need  for 
and  insisted  on  placing  the  full  EIS  responsibility  squarely  upon 
the  operating  agencies  themselves.  For  several  years,  the  CEQ 
staff  monitored  each  agency’s  EIS  performance  on  a  project-by- 
project  basis,  a  heavy  administrative  burden  that  eventually  was 
shifted  largely  to  EPA.  It  has  been  said  that  the  EIS  process 
brought  about  nothing  less  than  a  revolution  in  the  way  federal 
agencies  make  decisions,  and  it  was  CEQ,  more  than  any  other 
factor,  that  made  that  revolution  a  reality. 

Having  said  this,  I  want  to  acknowledge  the  critical  impact 
of  citizen  lawsuits  in  putting  teeth  into  the  EIS  process.  Citizen 
involvement  from  the  beginning  has  been  a  crucial  element  in 
perfecting  that  process. 

The  President’s  annual  environmental  message  to  the  Con¬ 
gress  (1970, 1971,  1972,  and  1973)  early  became  the  vehicle  for  a 
variety  of  legislative  and  other  initiatives,  and  the  White  House 
gave  CEQ  responsibility  for  developing  the  substantive  contents 
of  each  message.  In  practice,  this  responsibility  put  CEQ  at  the 
center  of  an  ongoing  interagency  process  that  resulted  in  what  I 
believe  to  have  been  the  greatest  outpouring  of  legislative  and 
executive  initiatives  dealing  with  a  single  subject  area  in  our 
nation’s  history. 

In  addition  to  the  legislative  initiatives,  CEQ  played  an  ac¬ 
tive  role  in  stimulating  significant  executive  actions,  many  of 
which  were  first  announced  in  the  President’s  annual  environ- 
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mental  message.  These  included  such  diverse  matters  as  the 
banning  of  the  use  of  DDT  on  all  public  lands,  the  regulation  of 
off-road  vehicles  on  public  lands,  federal  procurement  of  recycled 
materials,  the  auto  fuel  economy  testing  program,  and  the  is¬ 
suance  of  energy  eflicienpy  guidelines  for  federal  buildings.  In  a 
particularly  dramatic  move,  the  President  acted  on  the  CEQ 
recommendation  to  halt  construction  of  the  Cross-Florida  Barge 
Canal,  declaring  that  the  environmental  damage  exceeded  the 
claimed  economic  benefits  of  the  project. 

While  CEQ  was  at  the  center  of  domestic  environmental 
policy,  it  also  played  a  vital  role  in  the  rapidly  emerging  interna¬ 
tional  environmental  field.  It  led  the  negotiations  on  the  U.S. 
side  that  produced  the  Great  Lakes  Water  Quality  Agreement 
with  Canada,  the  Ocean  Dumping  Convention,  the  U.S.-Soviet 
environmental  agreement,  the  Convention  on  the  International 
Trade  in  Endangered  Species  of  Fauna  and  Flora  (CITES),  and 
the  World  Heritage  Convention.  The  Soviet  agreement,  CITES, 
and  the  World  Heritage  Trust  Convention  all  had  their  inspira¬ 
tion  largely  from  within  CEQ  itself. 

It  was  likewise  the  Council’s  initiative  that  opened  bilateral 
environmental  cooperation  with  Japan  and  West  Germany.  We 
led  the  U.S  participation  in  the  NATO  Committee  on  the  Chal¬ 
lenges  of  a  Modern  Society,  the  environmental  committee  of  the 
Organization  for  Economic  Cooperation  and  Development 
(OECD)  in  Paris,  and  the  joint  U.S.-Soviet  environmental  com¬ 
mittee.  The  latter  was  by  far  our  largest  and  most  active 
j  bilatered  environmental  undertaking.  As  chairman  of  the  Coun- 

i  cil,  I  led  the  U.S.  delegation  to  the  1972  U.N.  Conference  on  the 

Human  Environment  in  Stockholm-a  watershed  event  in  the 
I  evolution  of  international  environmental  affairs. 

In  its  work  in  such  international  bodies  as  OECD,  the  Coun¬ 
cil  was  a  leading  proponent  of  the  "polluter-pays  principle," 

!j  namely,  that  industry  should  bear  the  cost  of  abating  its  own  pol- 

’  lution  and  that  such  costs  should  not  be  met  by  government  sub- 

i  sidy.  The  principle  was  an  important  one  to  help  avoid 

i  competitive  disadvantages  for  U.S.  industry,  and  we  gained  its 

I  general  acceptance  in  the  policies  of  other  nations,  if  not  always 

in  actual  practice. 

In  the  early  and  mid-1970s  as  environmental  issues  began 
to  emerge  on  the  international  scene,  there  was  no  question  that 
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the  United  States  was  perceived  as  the  world  leader  in  address¬ 
ing  these  issues.  Our  own  national  experience  in  aggressively  at¬ 
tacking  domestic  environmental  problems  was  the  essential 
underpinning  for  that  leadership  role.  Our  credibility  could  not 
easily  be  questioned  in  that  respect.  CEQ  had  a  principal  role  in 
carrying  that  national  experience,  both  legislative  and  ad¬ 
ministrative,  into  the  international  arena. 

Without  any  question,  the  major  influence  of  CEQ  in  both 
domestic  and  international  environmental  affairs  was  due,  in 
part,  to  the  fact  that  it  came  into  existence  almost  a  year  before 
EPA.  We  were  on  the  scene  first.  At  the  same  time,  the  Council 
played  a  significant  role  in  1970  in  the  discussions  within  the 
Administration  as  to  the  proper  way  to  structure  the  environ¬ 
mental  management  functions  of  the  federal  government.  We 
were  strongly  of  the  view  that  these  functions  could  best  be  exer¬ 
cised  at  that  time  by  a  sharply  focused,  highly  visible,  inde¬ 
pendent  agency  rather  than  by  their  submersion  in  a  larger, 
more  diverse  conglomerate  such  as  a  Department  of  Natural 
Resources.  As  we  know,  the  independent  agency  concept 
prevailed,  and  the  Environmental  Protection  Agency  came  into 
being  in  December  1970. 

The  great  surge  of  environmental  policy  initiatives  that  I 
have  described  had  produced  new  institutions  that  required  or¬ 
ganization  and  management,  sweeping  new  legislative  and  ex¬ 
ecutive  mandates  that  needed  to  be  implemented,  regulations 
that  needed  to  be  written,  and  international  agreements  that 
needed  to  be  carried  out.  An  extraordinary,  comprehensive 
framework  of  environmental  policies  had  been  put  into  place, 
and  CEQ  had  been  at  the  heart  of  that  endeavor.  It  was  an  en¬ 
deavor  that  from  my  perhaps  biased  perspective  represented  the 
single  greatest  domestic  accomplishment  of  the  Nixon  Ad¬ 
ministration. 

Today,  20  years  after  CEQ  came  into  existence  in  the  first 
flush  of  national  environmental  enthusiasm,  the  Council  stands 
on  the  threshold  of  a  new  era  of  opportunity.  Public  concern  for 
environmental  quality,  far  from  being  a  passing  fad,  is  greater 
than  ever.  What  was  once  the  enthusiasm  of  a  relatively  small 
group  has  now  been  institutionalized  throughout  our  society. 
And  while  important  progress  has  been  made  in  addressing  en¬ 
vironmental  problems  on  the  domestic  front  over  the  past  20 
years,  new  problems  are  emerging  that  urgently  require  atten- 
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tion.  Globally,  problems  such  as  ozone  depletion,  climate  change, 
ocean  pollution,  toxic  wastes,  the  loss  of  biological  diversity,  and 
the  destruction  of  tropical  forests  have  assumed  priority  on  the 
international  agenda.  Once  again,  we  need  to  be  taking  hard 
looks  at  environmental  policy. 

It  is  time  as  well  to  give  fresh  emphasis  to  the  development 
of  economic  incentives  in  the  pursuit  of  environmental  goals. 
While  a  strong  regulatory  program  will  doubtless  remain  the 
foundation  of  environmental  protection,  the  fact  that  there  are 
literally  millions  of  sources  of  pollutants  inevitably  places  limits 
on  the  effectiveness  of  enforcement.  It  makes  sense  to  try  to 
engage  market  forces  whenever  practical. 

There  is  growing  recognition  of  the  importance  of  maintain¬ 
ing  biological  diversity  and  of  promoting  sustainable  agriculture, 
sustainable  forestry,  and  sustainable  development  in  general. 
Yet,  in  practice,  these  objectives  tend  to  be  pursued  more  often 
than  not  in  the  context  of  the  Third  World,  particularly  in  rela¬ 
tion  to  the  programs  of  the  U.S.  Agency  for  International 
Development  and  the  multilateral  development  banks.  Sus¬ 
tainable  development  and  biological  diversity  within  the  United 
States  could  well  be  the  focus  of  major  CEQ  efforts.  Putting  our 
own  house  in  order  in  these  respects  will  lend  credibility  to  U.S. 
international  initiatives  and  will  address  very  real  needs  at 
home.  Such  issues  tend  to  be  "cross-cutting"  insofar  as  the  func¬ 
tions  of  federal  agencies  are  concerned  and,  thus,  particularly 
appropriate  for  CEQ  involvement. 

Environmental  issues  typically  cut  across  the  respon¬ 
sibilities  of  more  than  one  agency.  Indeed,  some  of  the  most  com¬ 
plex  of  these  issues  lie  at  the  interface  between  environmental 
and  energy,  agricultural,  transportation,  and  economic  interests. 
As  part  of  the  Executive  Ofiice  of  the  President,  the  Council  is 
ideally  situated  to  be  helpful  in  the  development  of  creative 
policies  in  such  areas. 

With  the  President’s  proposal  to  elevate  EPA  to  departmen¬ 
tal  status,  a  proposal  I  heartily  endorse,  it  seems  certain  that 
strengthening  of  the  federal  government’s  overall  institutional 
framework  for  environmental  policymaking  and  management 
will  follow.  Given  adequate  resources,  CEQ  can  and  should  play 
a  significant  role  in  that  development.  The  opportunities  abound. 
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1970 


O 


n  April  22,  1970,  the  nation  witnessed  a 
remarkable  outpouring  of  widespread,  public 


concern:  several  million  Americans  in  communities 
all  across  the  country  took  part  in  an  event  called 
Earth  Day.  On  that  day  environmental  education 
programs  were  presented  at  thousands  of  grade 
schools;  the  National  Education  Association  esti¬ 
mated  that  10  million  school  children  participated. 
Teach-ins  were  held  at  several  thousand  high  schools 
and  colleges,  and  hundreds  of  thousands  of  students 
collected  litter  from  parks,  city  streets,  and  suburban 
neighborhoods.  Mass  demonstrations  were  held  in 
cities  like  Philadelphia,  Chicago,  New  York,  and 
Washington,  D.C.  Automobile  traffic  was  banned 
from  a  part  of  downtown  Manhattan,  and  Congress 
adjourned  to  allow  members  to  speak  at  environmen¬ 
tal  rallies  across  the  country.  As  The  Washington 
Post  reported,  on  Earth  Day  millions  of  Americans 
"demonstrated . .  .  their  practical  concern  for  a  live¬ 
able  environment  on  this  earth. " 


CHAPTER  1 


Twenty  Years  of 
Change 

Twenty  years  ago,  in  August  of  1970,  the  newly  created  Coun¬ 
cil  on  Environmental  Quality  published  its  first  Annual 
Report  to  the  Congress.  The  first  chapter  of  that  report  began: 
"Historians  may  one  day  call  1970  the  year  of  the  environment." 
Judged  from  a  vantage  point  of  two  decades  later,  that  prediction 
has  come  true.  There  can  be  little  doubt  that  1970  was  the  single 
most  important  year  in  this  countr^s  environmental  history. 

During  1970  the  widespread  environmental  concerns  and 
protestations  that  marked  the  1960s  began  to  be  translated  into 
the  national  environmental  legislation  that  marked  the  1970s. 
On  the  first  day  of  1970,  President  Richard  Nixon  signed  the  Na¬ 
tional  Environmental  Policy  Act  (NEPA),  a  law  with  an  extraor¬ 
dinarily  broad  purpose:  "To  declare  a  national  policy  which  will 
encourage  productive  and  enjoyable  harmony  between  man  and 
his  environment."  In  essence,  NEPA  was  enacted  to  ensure  that 
the  federal  government,  when  it  planned  any  significant  action, 
would  consider  all  possible  deleterious  effects  on  environmental 
quality.  Thus  NEPA  was  intended  to  inculcate  into  the  federal 
government,  in  all  its  policies,  regulations,  and  laws,  a  practical 
environmental  ethic. 
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Later  in  the  year,  several  existing  federal  offices  and 
programs  were  reorganized  to  "effectively  ensure  the  protection, 
development  and  enhancement  of  the  total  environment  itself." 
In  his  message  to  Congress  on  July  9,  1970,  describing  this  reor¬ 
ganization,  President  Richard  Nixon  wrote:  "Our  national 
government  today  is  not  structured  to  make  a  coordinated  attack 
on  the  pollutants  which  debase  the  air  we  breathe,  the  water  we 
drink,  and  the  land  that  grows  our  food.  Indeed,  the  present 
governmental  structure  for  dealing  with  environmental  pollution 
often  defies  effective  and  concerted  action."  The  President 
proposed  to  pull  together  environmentally  related  federal  ac¬ 
tivities  that  had  sprung  up  in  piecemeed  fashion  over  the  years, 
and  to  combine  them  into  systematic  organizations  that  would  be 
far  more  effective.  Thus  by  the  end  of  1970  both  the  Environmen¬ 
tal  Protection  Agency  (EPA)  and  the  National  Oceanographic 
and  Atmospheric  Administration  (NOAA)  were  born. 

The  EPA  had  no  sooner  been  created  than  it  was  handed  its 
first  major  responsibility;  sweeping  amendments  to  the  Clean 
Air  Act  were  signed  on  December  31,  1970.  This  new  law 
amended  federal  air  pollution  legislation  enacted  during  the 
1960s  and  also  significantly  expanded  its  scope.  For  the  first 
time  a  federal  environmental  law  attempted  to  protect  an  en¬ 
vironmental  resource — air  quality — in  a  comprehensive  way. 
Among  other  things,  the  1970  Clean  Air  Act  established  nation¬ 
wide  air  quality  standards  to  protect  health  and  welfare  stand¬ 
ards,  and  it  required  all  states  to  write  formal  plans  describing 
how  they  would  attain  and  maintain  those  standards.  The  Clean 
Air  Act  of  1970  also  required  that  certain  new  sources  of  pollu¬ 
tion  nationwide — like  new  automobiles  and  power  plants — meet 
stringent  environmental  performance  standards.  But  most  im¬ 
portant  of  all,  the  new  Clean  Air  Act  set  an  example.  The  people 
of  the  United  States  expected  the  federal  government  to  play  a 
mqjor  role  in  protecting  the  environment,  and  the  Clean  Air  Act 
of  1970  demonstrated  just  how  extensive  that  role  would  be. 

Of  all  the  signal  environmental  events  of  1970,  the  one  that 
most  involved  the  public  was  Earth  Day,  April  22,  1970.  On  that 
day  millions  of  Americans  actively  expressed  their  concerns  for 
the  quality  of  the  environment.  Through  teach-ins,  protests, 
speeches,  and  neighborhood  cleanups,  people  all  across  the 
country  conveyed  their  sense  that  something  had  to  be  done. 
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Many  members  of  Congress  took  part  in  Earth  Day  activities, 
responding,  as  The  Washington  Post  described  it,  "to  what  they 
sense  as  the  national  mood  for  cleanup  by  embracing  the  en¬ 
vironmental  issue  like  motherhood." 

The  enactment  of  NEPA,  the  establishment  of  EPA  and 
NOAA,  and  the  sweeping  amendments  to  the  Clean  Air  Act  show 
how  carefully  the  national  government  was  listening  to  the  con¬ 
cerns  of  the  American  people.  In  fact,  that  may  be  the  reason 
that  1970,  in  hindsight,  stands  out  as  an  important  historical 
landmark.  For  during  that  year  the  concerns  and  aspirations  of 
millions  of  Americans,  from  school  children  to  the  Congress, 
seemed  to  resonate  in  unison.  The  country  needed  to  act,  and  act 
it  did.  Whether  through  public  demonstrations  or  national  legis¬ 
lation,  Americans  from  all  parts  of  the  country  and  from  all 
walks  of  life  gave  voice  to  their  deeply  held  environmental  con¬ 
victions.  And  they  set  in  motion  a  chain  of  events  that  has 
changed  the  national  consciousness  and  redefined  the  way 
Americans  interact  with  the  natural  world. 


The  Meaning 
of  1970 

Seen  in  the  context  of  the  ensuing  two  decades,  the  importance  of 
environmental  events  in  1970  seems  clear  and  unambiguous. 
But  at  the  time,  their  long-term  significance  was  much  debated. 
Some  of  the  government  officials  who  participated  in  Earth  Day 
wondered  aloud  whether  such  environmental  activism  would 
persist  into  the  future.  According  to  The  New  York  Times, 
Secretary  of  the  Interior  Walter  Hickel  observed  the  day  after 
Earth  Day:  "I  am  optimistic  about  Earth  Day  and  I  hope  it  will 
not  be  the  finale  following  one  year  of  increased  environmental 
awareness."  The  Washington  Post  quoted  a  Maryland  Con¬ 
gressman  after  he  gave  an  Earth  Day  speech:  "The  day’s  a  good 
thing.  .  .  .  But  we’re  really  fighting  human  nature.  I  don’t  know 
how  much  of  this  can  be  sustained."  And  in  a  front-page  story  on 
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Earth  Day  The  Washington  Post  wondered:  "The  next  several 
months  will  show  whether  Earth  Day  was  the  high  water  mark 
of  another  short-lived  protest  movement  or  the  manifestation  of 
a  new  political  coalition  that  must  be  reckoned  with  for  years  to 
come." 

That  some  people  at  the  time  doubted  the  long-term 
viability  of  the  environmental  movement  is  understandable 
given  the  national  mood.  During  the  1960s  large  public 
demonstrations  intended  to  shape  public  policy  had  been  com¬ 
mon;  the  American  public  had  witnessed  a  succession  of 
demonstrations  over  poverty,  civil  rights,  and  the  war  in  Viet¬ 
nam.  The  public  protests  against  environmental  degradation 
may  have  been  difficult  to  differentiate  from  other  kinds  of  well- 
publicized  civil  demonstrations. 

Moreover,  the  environmental  movement  in  1970  was 
demanding  something  that  no  nation  had  ever  done  before:  the 
enactment  of  comprehensive,  national  legislation  to  protect  the 
environment.  Implicit  in  that  goal — ^whether  explicitly  stated  or 
not — ^was  a  call  for  fundamental  change  in  the  American 
economic  calculus.  More  and  more  people  were  beginning  to  ap¬ 
preciate  clean  air  and  clean  water  as  precious  resources  that 
were  neither  free  nor  inexhaustible.  Consequently,  no  person  or 
business  or  community  could  appropriate  those  resources  for 
their  personal  use  to  the  detriment  of  others. 

The  economic  implications  of  those  early  calls  for  environ¬ 
mental  protection  were  not  overlooked.  In  fact,  the  potentially 
huge  economic  costs  of  pollution  control — ^postulated  in  terms  of 
jobs  lost  and  economic  growth  foregone — may  have  been  a  mqjor 
reason  why  some  people  wondered  whether  the  environmental 
movement  would  persist.  In  1970  it  was  not  unusual  to  hear  ar¬ 
guments  postulating  irrevocable  links  between  economic  growth 
and  the  generation  of  pollution,  and  warning  that  environmental 
protection  would  cost  jobs.  For  example,  on  the  Simday  before 
Earth  Day  1970,  The  New  York  Times  Magazine  printed  an  ar¬ 
ticle  in  which  that  argument  was  made  explicitly:  "If  we  start 
with  the  proposition  that  the  growth  of  production  is  the  under¬ 
lying  cause  of  pollution,  which  has  merit  as  a  starting  point,  the 
only  way  we  can  get  less  growth  in  production,  if  we  want  it,  is  to 
have  more  of  our  labor  force  idle  more  of  the  time." 
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In  the  face  of  all  this — the  prior  decade  of  protests,  the  lack 
of  any  historical  model,  the  economic  forebodings — it  is  not 
surprising  that  some  people  wondered  if  the  events  of  1970 
would  have  any  lasting  meaning.  It  is  not  surprising  that  in  1970 
some  people  wondered  how  much  different  the  world  of  1990 
would  really  be. 

And  it  is  not  unreasonable  for  people  in  1990  to  ask  much 
the  same  question.  At  a  distance  of  20  years,  it  may  be  useful  to 
reflect  back  and  ask:  To  what  extent  have  the  hopes  voiced  in 
1970  been  fulfilled?  To  what  extent  has  the  nation  succeeded  in 
meeting  the  expectations  that  were  raised  so  high  in  1970? 


For  Better  or 
Worse 

In  the  two  decades  that  followed  the  singular  events  of  1970,  the 
nation’s  growing  concern  for  the  environment  manifested  itself 
in  a  dozen  msgor — and  several  dozen  minor — federal  environ¬ 
mental  laws.  By  1989  the  federal  government  had  acquired 
regulatory  responsibilities  addressing  air  quality,  water  quality, 
drinking  water,  solid  wastes,  hazardous  wastes,  medical  wastes, 
pesticides,  toxic  substances,  endangered  species,  occupational 
safety  and  health,  coastal  zones,  ocean  pollution,  and  the  upper 
atmosphere,  among  others. 

One  way  to  measure  the  nation’s  environmental  progress 
since  1970  would  be  to  look  at  20-year  data  trends  in  those  areas. 
Trends  in  pollutant  emissions,  biodiversity,  and  human  health 
clearly  are  important  measures  of  the  relative  success  or  failure 
of  national  efforts  to  protect  the  environment. 

However,  such  trend  data  give  only  partial  answers,  and 
even  those  partial  answers  tell  an  inconsistent  story.  The 
nation’s  success  at  fulfilling  the  promise  of  1970 — as  measured 
by  environmental  trends  data — has  been  mixed.  After  two 
decades  of  unprecedented  environmental  activism,  some  facets  of 
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the  environment  show  remarkable  improvement,  while  the 
quality  of  others  has  deteriorated  sharply. 

For  example,  in  response  to  the  Clean  Air  Act  of  1970,  the 
Environmental  Protection  Agency  (EPA)  set  national  standards 
for  the  six  most  prevalent  air  pollutants:  sulfur  dioxide,  nitrogen 
oxides,  carbon  monoxide,  particulates,  hydrocarbons,  and  lead. 
The  federal  and  state  governments  then  took  a  range  of  actions 
designed  to  reduce  emissions  of  those  pollutants  so  that  the  na¬ 
tional  health  standards  would  be  met  nationwide. 

For  some  of  those  common  air  pollutants,  the  20-year  record 
has  been  extraordinarily  successful,  especially  in  the  case  of 
lead.  Between  1970  and  1987,  total  annual  emissions  of  lead 
nationwide  declined  by  96  percent,  from  203.8  million  to  8.1  mil¬ 
lion  tons,  mainly  due  to  the  gradual  phase-out  of  leaded  gasoline. 
Today  virtually  all  areas  in  the  United  States  meet  the  national 
health  standard  for  lead. 

The  United  States  also  has  made  substantial  progress  in 
controlling  sulfur  dioxide  (SO2)  and  particulate  matter  (PM). 
Prior  to  1970,  emissions  of  SO2  and  PM  had  been  increasing 
rapidly.  But,  between  1970  and  1987,  total  annual  national  emis¬ 
sions  of  SO2  dropped  by  28  percent,  from  28.2  million  to  20.4  mil¬ 
lion  tons;  particulate  emissions  declined  by  61  percent,  from  18.1 
million  to  7.0  million  tons.  As  of  1987,  most  areas  of  the  country 
met  the  national  health  standards  for  SO2  and  particulates. 

The  nation’s  record  in  controlling  nitrogen  oxides  (NO*), 
ozone,  and  carbon  monoxide  (CO)  is  mixed.  For  example,  total 
national  emissions  of  NOx  increased  almost  8  percent  between 
1970  and  1987,  rising  from  18.1  million  to  19.5  million  tons, 
while  the  pre-1970  rate  of  growth  dropped  sharply.  Despite  the 
increase  in  total  NOx  emissions,  almost  all  areas  in  the  country 
meet  the  national  health  standard  for  NOx. 

Total  national  hydrocarbon  and  CO  emissions,  which  also 
had  been  growing  rapidly,  dropped  by  28  percent  and  38  percent, 
respectively,  over  the  same  period.  Yet  national  health  standards 
for  both  pollutants  are  still  being  exceeded  in  many  U.S.  cities. 
During  1989  EPA  reported  that  approximately  110  U.S.  urban 
areas  failed  to  meet  the  national  ozone  standard,  and  about  50 
areas  did  not  meet  the  CO  standard. 

Despite  continued  air  pollution  problems  in  many  places, 
primeirily  cities,  the  country’s  efforts  to  protect  air  quality  have 
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been  substantial.  Not  only  have  total  annual  emissions  of  the 
most  common  air  pollutants  declined  or  remained  fairly  constant 
over  the  past  two  decades,  but  they  have  done  so  in  spite  of 
strong  economic  and  population  growth. 

Since  1970  the  population  of  the  United  States  has  grown  by 
almost  22  percent.  In  1970  the  U.S.  population  totalled  205  mil¬ 
lion.  Sometime  during  1990,  it  will  pass  250  million. 

Over  the  same  period,  the  U.S.  economy  has  grown  more 
than  three  times  as  fast  as  the  population.  In  1970  U.S.  gross  na¬ 
tional  product  (GNP)  was  $2.42  trillion  (measured  in  1982  dol¬ 
lars).  The  Coimcil  of  Economic  Advisors  estimates  that  U.S.  GNP 
in  1989  was  $4.17  trillion  (measured  in  1982  dollars),  an  in¬ 
crease  of  72  percent.  At  least  as  far  as  the  six  most  common  air 
pollutants  are  concerned,  the  United  States  clearly  has  severed 
the  linkage  between  economic  growth  and  pollution  growth,  a 
linkage  that  seemed  obvious  and  unbreakable  to  many  people  in 
1970. 

The  nation’s  progress  in  controlling  air  pollution  is  especial¬ 
ly  noteworthy  when  evaluated  in  the  context  of  skyrocketing 
growth  in  automobile  use  over  the  past  20  years.  In  1970  the 
number  of  automobiles  registered  for  use  on  U.S.  roads  was  89.2 
million;  by  1989  that  number  had  jumped  56  percent  to  139  mil¬ 
lion.  Moreover,  those  automobiles  were  being  driven  many  more 
miles.  Between  1970  and  1987,  the  total  vehicle  miles  traveled 
annually  in  this  country  rose  from  920  billion  to  1,313  billion,  an 
increase  of  almost  48  percent. 

There  is  no  doubt  that  more  needs  to  be  done  to  control  air 
pollution — especially  CO  and  hydrocarbons — in  this  country. 
Millions  of  Americans  still  experience  episodes  of  unhealthy  air, 
and  the  Administration  is  committed  to  strengthening  the  Clean 
Air  Act  through  the  most  cost-effective  means  to  address  this 
concern.  But  an  evaluation  of  environmental  progress  must  con¬ 
sider  not  only  the  current  quality  of  the  environment,  but  also 
what  that  quality  would  be  had  no  action  been  taken.  And  un¬ 
doubtedly,  without  the  existing  Clean  Air  Act,  even  intransigent 
problems  like  ozone  and  CO  would  have  been  very  much  worse. 

If,  on  the  other  hand,  the  viability  of  wetlands  and  estuarine 
ecosystems  is  used  to  measure  environmental  progress,  the 
nation’s  track  record  over  the  past  two  decades  is  less  impres¬ 
sive.  In  1970  the  United  States  contained  about  99  million  acres 
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of  wetlands.  No  one  knows  exactly  how  many  acres  have  been 
lost  since  then,  but  it  is  estimated  that  between  the  mid-1950s 
and  mid-1970s  losses  exceeded  450,000  acres  per  year.  Even 
though  annual  losses  probably  dropped  after  that  time,  wetlands 
destruction  has  continued  at  an  unacceptable  rate.  In  response 
to  this  problem,  the  President  has  announced  that  he  is  com¬ 
mitted  to  the  eventual  goal  of  no  net  loss  of  wetlands.  The  Presi¬ 
dent  has  directed  a  Domestic  Policy  Council  task  force  to  provide 
recommendations  on  wetlands  policy  following  a  series  of  public 
meetings  this  year. 

Moreover,  the  quality  of  some  coastal  waters  and  estuaries 
apparently  has  declined  over  the  last  two  decades.  Between  1971 
and  1985,  shellfish  harvest  restrictions  resulting  from  environ¬ 
mental  contamination  increased  14  percent  to  7.5  million  acres; 
by  1985  approximately  40  percent  of  the  nation’s  shellfish  beds 
were  closed  for  some  or  all  of  the  season.  Closures  were  caused 
by  environmental  pollution  ranging  from  inadequate  or  over¬ 
whelmed  sewage  treatment  plants  to  urban  water  nmoff  to  con¬ 
tamination  from  feedlots  and  other  agricultural  operations.  Most 
recently,  coastal  beach  closings  and  oil  spills  have  focused  public 
attention  on  coastal  water  quality. 

Trends  in  waterfowl  populations,  which  rely  upon  wetlands 
during  breeding  and  migration,  indicate  the  declining  health  of 
wetlands.  Populations  of  mallard  ducks  have  dropped  by  about 
40  percent  during  the  past  20  years.  Mallards  generally  use  a 
wide  range  of  habitat  for  breeding,  but  filling,  draining,  and 
encroachment  on  wetlands  has  overtaxed  even  that  species’ 
ability  to  adapt.  In  short,  both  the  quantity  and  quality  of  U.S. 
wetlands  appear  to  have  declined  over  the  past  two  decades. 

Population  growth  along  U.S.  coasts  contributes  to  pres¬ 
sures  on  water  quality  and  the  decline  of  wetlands  in  many 
areas.  In  1989,  in  fact,  approximately  80  percent  of  the  U.S. 
population  lived  in  coastal  counties  (including  those  bordering 
the  Great  Lakes).  Population  growth  usually  leads  to  more  pol¬ 
luted  water  runoff,  the  filling  or  draining  of  wetlands  for 
development,  and  overtaxed  wastewater  treatment  systems. 
Thus  population  growth — together  with  associated  economic 
growth— contributes  not  only  to  direct  wetlands  losses,  but  also 
to  a  deterioration  in  water  quality  and  the  health  of  those  wet¬ 
lands  that  remain. 

1  - 
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Wetlands  losses  result  from  other  causes  as  well.  Agricul¬ 
tural  practices  contributed  to  the  vast  msgority  of  wetlands  los¬ 
ses  from  the  1950s  to  the  1970s,  and  they  continue  to  cause 
additional  losses. 

Other  environmental  trend  data  illustrates  both  the  succes¬ 
ses  and  shortcomings  of  national  environmental  protection  ef¬ 
forts  since  1970.  For  example,  between  1972  and  1986  the 
number  of  Americans  served  by  secondary  wastewater  treatment 
facilities,  or  better,  increased  from  85  million  to  127  million.  Con¬ 
sequently,  the  water  quality  in  many  stream  and  river  segments 
in  this  country  is  much  improved.  On  the  other  hand,  concentra¬ 
tions  of  carbon  dioxide  (CO2)  in  the  atmosphere  have  increased 
at  an  average  rate  of  about  1.4  percent  a  year  since  1970,  con¬ 
tributing  to  rising  concerns  about  possible  global  climate  change. 

Taken  as  a  whole,  environmental  trends  data  suggest  that 
over  the  past  two  decades  the  United  States  has  been  fairly  suc¬ 
cessful  in  protecting  and  improving  environmental  quality  when 
the  existence  of  a  problem  has  been  widely  recognized  and  the 
sources  of  the  problem  well  defined.  In  cases  where  general 
recognition  of  a  problem  emerged  slowly  over  time,  or  where  the 
sources  of  a  problem  were  diverse  and  widely  dispersed,  progress 
has  been  slow  and  painful,  at  best. 


Other  Measures 

1 

of  Progress 

1 

Despite  the  mixed  success  indicated  by  environmental  trends 
data,  the  environmental  ethic  of  the  American  people  clearly  has 
evolved  dramatically  since  1970.  Over  the  past  20  years  the 
nation’s  attitude  toward  environmental  pollution  and  the  tools  it 
uses  to  control  it  have  changed  in  some  extraordinary  and  fun¬ 
damental  ways. 

For  example,  the  enactment  of  the  National  Environmental 
Policy  Act  has  caused  environmental  considerations  to  be  incor¬ 
porated  into  planning  processes  throughout  the  federal  govern- 
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ment.  Over  the  years,  legally  required  environmental  assess¬ 
ments  have  been  criticized  for  their  complexity  and  costs,  and 
the  applicability  of  NEPA  outside  the  territorial  United  States  is 
still  subject  to  debate.  But  the  actions  of  federal  agencies  un¬ 
doubtedly  have  been  changed  in  very  real  ways  because  of 
NEPA,  and  those  changes  have  resulted  in  improved  environ¬ 
mental  quality.  (See  Chapter  2.) 

In  1970  very  little  environmental  monitoring  was  conducted 
in  this  country,  and  environmental  data  collection  in  different 
parts  of  the  country  was  neither  comprehensive,  coordinated,  nor 
long-term.  In  fact,  most  environmental  data  were  collected  in 
response  to  specific  problems;  government  officials  were  forced  to 
react  to  environmental  degradation,  because  they  had  no 
capacity  to  anticipate  it.  Since  then,  the  national  investment  in 
environmental  data  collection  has  expanded  considerably,  and  in 
some  cases  it  is  being  coordinated  through  the  cooperative  ac¬ 
tivity  of  state,  federal,  and  international  governments.  (See 
Chapter  3.) 

Twenty  years  ago  many  Americans  were  convinced  that  en¬ 
vironmental  pollution  needed  to  be  controlled,  but  the  science 
and  technology  needed  to  identify,  assess,  and  control  such  pollu¬ 
tion  was  almost  nonexistent.  Scientific  and  technological  advan¬ 
ces  over  the  past  20  years  have  changed  the  way  Americans  live, 
and  such  progress  has  been  especially  notable  in  the  environ¬ 
mental  arena.  (See  Chapter  4.) 

Unlike  1970  environmental  pollution  today  is  considered  not 
only  harmful  and  irresponsible,  but — in  many  instances — 
criminal  as  well.  Environmental  laws  are  enforced  now  at  every 
level  of  government,  by  a  number  of  federal,  state,  and  local 
agencies,  and  with  a  much-expanded  array  of  tools.  Although 
violations  of  environmental  laws  continue  to  present  problems, 
law  enforcement  officials  today  are  much  better  equipped  to  ad¬ 
dress  them.  (See  Chapter  5.) 

One  of  the  most  fundamental  changes  that  has  occurred 
over  the  past  20  years  is  the  response  of  American  businesses  to 
their  environmental  responsibilities.  Many  corporations  today 
are  interested  not  simply  in  their  legal  responsibilities  to  control 
pollution  before  it  escapes  to  the  environment,  but  in  the  broad 
corporate  benefits  that  attend  efforts  to  reduce  pollution  at  its 
source.  Widespread  efforts  to  redesign  manufacturing  processes. 
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substitute  less  harmful  production  materials,  and  recycle  wastes 
are  beginning  to  play  a  major  role  in  protecting  the  environment. 
(See  Chapter  6.) 

In  1970  the  need  for  international  cooperation  to  solve 
emerging  global  pollution  problems  was  becoming  apparent. 
Since  then,  international  efforts  to  assess  and  respond  to 
problems  like  stratospheric  ozone  depletion,  global  climate 
change,  desertification,  transboundaiy  air  pollution,  loss  of 
species  and  habitats,  and  international  transportation  of  hazard¬ 
ous  wastes  have  proliferated.  (See  Chapter  7.) 

The  kinds  of  progress  described  above  have  benefitted  the 
varied  ecosystems  in  this  country.  A  good  example  of  the  results 
of  environmental  policy  over  the  past  20  ye£u*s  is  the  Great 
Lakes.  For  in  that  magnificent  fresh-water  resource  can  be  seen 
many  of  the  benefits  of  national — and  international — pollution 
control  efforts.  The  Great  Lakes  also  demonstrate  the  kinds  of 
environmental  problems  still  remaining.  (See  Chapter  8.) 

The  environmental  changes  that  have  occurred  in  this 
country  over  the  past  20  years  do  not  suggest  that  a  pollution- 
free  world  is  in  sight.  If  recent  history  is  any  indication,  the 
United  States — and  the  rest  of  the  world — may  very  well  be  wor¬ 
rying  in  2010  about  environmental  problems  unforeseen  today. 

Yet  the  experience  of  the  past  two  decades  also  suggests  that 
Americans  in  2010  will  respond  to  environmental  problems  with 
energy,  creativity,  and  a  deep-seated  sense  of  responsibility  for 
future  generations.  Americans  believe  strongly  that  environmen¬ 
tal  quality  is  an  essential  component  of  their  long-term  health 
and  economic  prosperity.  They  have  demonstrated  that  they 
have  the  will  to  protect  environmental  quality  and  the  capacity 
to  act.  The  lessons  of  the  past  20  years  can  give  all  Americans 
hope  for  the  future. 
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On  May  24,  1989,  Oregon  Federal  District  Court 
Judge  James  M.  Burns  dissolved  a  long-standing 
injunction  against  spraying  forests  of  the  Pacific 
Northwest  with  2,4-D  and  other  herbicides.  That  action 
brought  to  a  close  an  emotion-charged  legal  battle  that 
had  pitted  the  Northwest  Coalition  for  Alternatives  to  Pes¬ 
ticides  (NCAP),  the  Oregon  Environmental  Council,  and 
other  organizations  against  the  USDAIForest  Service  and 
the  DOIlBureau  of  Land  Management.  The  two  sides  had 
battled  for  13  years  over  federal  plans  to  control  un¬ 
wanted  vegetation  on  public  lands  using  herbicides  whose 
chronic  toxicides  had  been  linked  to  malignant  lym¬ 
phoma,  liver  damage,  and  birth  defects. 

The  final  agreement  was  not  reached  through  a  hail 
of  legal  briefs  or  other  procedures  normally  associated 
with  lawsuits.  Instead,  it  was  achieved  amicably  through  a 
mediated  agreement  that  allowed  the  federal  government 
to  use  some  of  the  herbicides  in  question,  but  with  addi¬ 
tional  monitoring  and  public  safeguards. 

Alleged  violations  of  the  National  Environmental 
Policy  Act  (NEPA)  by  federal  agencies  had  provoked  the 
13  years  of  litigation,  yet  ironically  the  act  was  also 
responsible  for  bringing  about  the  mediated  settlement. 
NEPA  provided  a  forum  —  the  environmental  impact 
statement  process  —  in  which  private  citizens  and  the 
federal  government  met  together  in  a  spirit  of  cooperation 
to  work  out  their  differences. 


CHAPTER  2 


The  National 
Environmental 
Policy  Act 

The  enactment  of  the  National  Environmental  Policy  Act  of 
1969^  (NEPA)  is  now  seen  to  be  the  first  step  in  20  years  of 
remarkable  environmental  activism  in  the  United  States.  It  cer¬ 
tainly  was  a  major  statement  of  this  country’s  environmental 
ethic.  Yet  the  real-world  contribution  of  NEPA  to  environmental 
quality  is  sometimes  questioned  and  often  misunderstood.  Be¬ 
cause  NEPA  was  not  designed  to  control  specific  kinds  or  sources 
of  pollution,  its  benefit  to  society  is  difficult  to  quantify. 
The  act  was  designed  primarily  to  institutionalize  in  the  federal 
government  an  anticipatory  concern  for  the  quality  of  the  human 
environment,  that  is,  an  attitude,  a  heightened  state  of  environ¬ 
mental  awareness  that,  unlike  pollution  abatement,  is 
measurable  only  subjectively  and  qualitatively. 

Yet  NEPA  is  not  simply  a  mandate  for  the  federal  govern¬ 
ment.  It  also  recognizes  that  "each  person  has  a  responsibility  to 
contribute  to  the  preservation  and  enhancement  of  the  environ¬ 
ment."*  NEPA’s  effectiveness,  therefore,  requires  the  diligence  of 
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both  the  federal  government  and  society  as  a  whole,  and  any 
judgement  on  its  performance  is  a  reflection  on  the  nation’s  over¬ 
all  environmental  ethic. 

Over  the  past  20  years,  NEPA  has  nourished  a  growing  en¬ 
vironmental  consciousness  within  this  country,  often  in  ways  not 
envisioned  by  its  sponsors  in  1969.  The  act  unquestionably  has 
had  a  profound  effect  on  attitudes  within  the  federal  govern¬ 
ment,  and  its  influence  outside  the  federal  government  is  almost 
£is  impressive.  And  while  NEPA  is  sometimes  seen  as  not  having 
lived  up  completely  to  expectations,  those  expectations  may  have 
underestimated  the  environmental  pressures  created  by  eco¬ 
nomic  and  population  growth  within  this  country  since  1970.  It 
may  be  more  useful  to  measure  NEPA  in  terms  of  the  progress 
that  has  been  made  over  the  past  20  years.  For  during  that  time, 
the  national  environmental  policy,  which  seeks  to  strike  "a 
balance  between  population  and  resource  use  which  will  permit 
high  standards  of  living  and  a  wide  sharing  of  life’s  amenities,"® 
has  remained  constant. 

Prior  to  1970  the  vast  majority  of  federal  agencies  claimed  to 
have  no  authority  to  consider  environmental  factors  in  their 
planning  and  decisionmaking.  Moreover,  consideration  of  such 
factors  was  viewed  by  most  agencies  as  an  impediment  to  attain¬ 
ing  their  primary  missions,  even  though  those  missions  caused 
detrimental  effects  on  the  quality  of  the  environment.  NEPA 
changed  all  that  by  supplementing  the  organic  charter  of  every 
federal  agency  with  an  explicit  directive.  It  also  provided  a 
deliberative,  anal3rtical  process,  under  which  environmental 
values  had  to  be  factored  into  agency  actions.  As  a  consequence, 
federal  agencies  today  almost  reflexively  incorporate  environ¬ 
mental  consideration  into  their  primary  decisionmaking  respon¬ 
sibilities. 

Widespread,  methodical  consideration  of  environmental 
values  in  federal  agency  planning  and  decisionmaking,  while  an 
improvement  over  pre-1970  practices,  does  not  by  itself  fulfill  the 
intentions  of  NEPA.  The  motivation  underl)ring  such  considera¬ 
tion  is  probably  a  better  indicator  of  the  extent  to  which  federal 
agencies  have  institutionalized  the  NEPA  ethic.  Motivation  is 
difficult  to  gauge,  but  it  usually  reveals  itself  in  the  administra¬ 
tive  records  of  proposed  agency  actions  subject  to  NEPA  require¬ 
ments.  In  general,  good  environmental  decisionmaking  is  charac- 
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terized  by  early  and  pronounced  efforts  to  anticipate  potentially 
disruptive  influences  on  the  environment  and  to  avoid  them.  On 
the  other  hand,  simple  adherence  to  the  established  NEPA  ad¬ 
ministrative  process  does  not  ensure  that  federal  agencies  will 
confront  the  difficult  choices  created  by  their  responsibility  to 
fulfill  their  primary  mission  and  their  responsibility  to  minimize 
environmental  degradation.  NEPA  brings  its  richest  rewards 
when  federal  agencies  focus  their  energy  on  the  NEPA  goal  and 
not  its  process. 

Some  administrative  process  is  necessary  to  stimulate  a 
sense  of  concern  for  environmental  values,  especially  among 
agencies  whose  traditional  mission  has  not  explicitly  incor¬ 
porated  such  values.  And  the  NEPA  process  has  proven  itself 
over  a  score  of  years  to  be  a  flexible,  effective  tool  in  developing 
environmental  issues  for  consideration  by  government  decision¬ 
makers  and  the  public.  But  process  is  meaningful  only  insofar  as 
it  is  oriented  toward  a  goal.  Disconnected  from  its  goal,  process, 
whether  or  not  required  by  law,  tends  to  become  mechanical  and 
an  end  in  itself.  NEPA  is  distinguishable,  purposefully  so,  from 
other  environmental  statutes.  It  targets  no  specific  pollution 
sources  or  human  health  risks  for  treatment,  prescribes  formula¬ 
tion  of  no  abatement  techniques  or  remedial  actions,  and  estab¬ 
lishes  neither  milestones  nor  timetables  for  achieving  its  goal,  a 
goal  "concerned  with  principle  rather  than  detail."^  "Cookbook" 
solutions  are  not  to  be  found  for  the  difficult  choices  posed  by  the 
NEPA  process,  which  seeks  only  to  provoke  thought  and  promote 
open  and  well-informed  decisionmaking.  And  while  federal  agen¬ 
cies  might  have  been  less  challenged  had  Congress  refrained 
from  adopting  a  national  environmental  policy  and  instead  simp¬ 
ly  enacted  specific  laws  to  shape  specific  federal  government  ac¬ 
tions,  Congress  chose  not  to  do  so  for  compelling  reasons. 
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Historical 

Perspective 

In  the  early  1960s  when  several  committees  of  Congress  began 
seriously  looking  into  pollution  problems,  the  nature  and  extent 
of  such  problems  were  not  fully  understood.  In  hearings  and 
seminars  that  spanned  several  Congresses,^  legislators  learned 
that  pollution  was  part  of  a  multifaceted  problem,  having  its 
roots  in  technologically  induced  change  and  "involving  natural 
and  social  sciences,  economics,  and  governmental  and  private  in¬ 
stitutions."®  Even  more  vexing  was  the  revelation  that  no  single 
environmental  problem  could  be  considered  separately,  "that  ap¬ 
parently  isolated  changes  interact  in  unanticipated  ways  and 
that  the  eventual  restoration  of  environmental  quality  will 
depend  upon  the  solution  of  a  series  of  interrelated  problems, 
none  of  which  can  be  understood  in  isolation  from  its  fellows."^ 
Indeed,  the  problem  appeared  so  overwhelming  that  one  ob¬ 
server,  summarizing  the  views  offered  by  several  experts  in  the 
field  during  a  joint  committee  hearing,  was  "left  with  a  vaguely 
uneasy  feeling  that  if  we  see  the  continuous  complex  here  as  one 
set  of  interconnecting  realities  that  have  to  be  understood  as  a 
total  system,  we  may  be  broadening  our  interests  so  much  that  it 
is  impossible  to  act  on  it  all."® 

The  complexities  and  interrelatedness  of  the  "pollution  prob¬ 
lem"  caused  Congress  to  reevaluate  its  practice  of  passing  laws  in 
response  to  specific  episodes  of  environmental  degradation,  a 
practice  that  had  led  to  passage  of  the  Federal  Water  Pollution 
Control  Act  of  1948®  and  the  Air  Pollution  Control  Act  of  1955.^® 
The  single-solution  approach  typified  in  those  statutes  was  un¬ 
workable,  and  environmental  laws  in  general  were  "floundering 
due  to  inadequate  information,  and  misinterpretation  of  existing 
facts."“  Many  in  Congress  began  to  see  the  need  for  a  comprehen¬ 
sive  approach  to  the  environment,  one  that  was  capable  of  an¬ 
ticipating  environmentally  disruptive  activities  and  avoiding 
them,  rather  than  just  reacting  to  episodes  of  pollution  with 
abatement  laws.^* 
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^th  a  greater  sense  of  purpose  and  perhaps  some  frustra¬ 
tion,  Congress  began  to  look  more  closely  at  the  federal  estab¬ 
lishment.  The  federal  government  in  the  1960s  was  seen  to  be 
both  a  mayor  cause  of  environmental  degradation  and  a  mayor 
source  of  regulatory  authority.  Consequently,  the  federal  govern¬ 
ment  itself  became  the  principad  focus  of  further  efforts  to 
fashion  a  comprehensive  approach  to  the  environment.^® 

An  area  where  improvements  had  long  been  thought  neces¬ 
sary,  amd  for  which  legislation  had  been  introduced  as  far  back  as 
the  early  1960s,  was  the  organization  of  the  federal  govern¬ 
ment.'*  In  the  1960s  environmental  responsibilities  were  divided 
among  15  to  20  federal  departments  amd  agencies  receiving 
direction  and  funding  from  two  dozen  different  Congressional 
committees.'®  Reorganization  of  the  government  on  a  large  scale, 
however,  was  not  desired;  nor  did  it  "seem  practical  to  remedy 
the  situation  by  amy  superimposed  ’czair’  of  environmental 
quality.  .  .  ."'®  Existing  institutions  were  thought  to  be  up  to  the 
task,  but  there  was  no  "coordinating  group  capable  of  systems 
amalysis  and  broad  management  of  federal  projects."'^  The  con¬ 
cept  of  an  advisory  council  that  "would  exert  a  preemptive  coor¬ 
dinating  role  and  strive  to  prevent,  rather  than  correct 
environmental  degradation,"  adthough  not  new,  took  firm  hold  in 
Congress  in  the  late  1960s.'* 

A  Council  on  Environmental  Quality  was  the  centerpiece  of 
H.R.  12549,  introduced  by  Representative  John  Dingell  of 
Michigan  amd  others  in  February  1969.  The  purpose  of  the  bill 
was  to  create  "a  council  which  can  provide  a  consistent  and  ex¬ 
pert  source  of  review  of  national  policies,  environmental  prob¬ 
lems  amd  trends,  both  long-term  and  short-term.  Such  a  council 
would  act  entirely  independently  of  the  executive,  mission- 
oriented  agencies."'®  The  council  envisioned  in  H.R.  12549  would 
have  been  composed  of  five  members  and  located  in  the  Execu¬ 
tive  Office  of  the  President.  With  few  chamges,  notably  the  num¬ 
ber  of  members,  the  centerpiece  of  H.R.  12549  became  a 
constituent  element  of  NEPA. 

Many  in  Congress  believed  that  no  aunount  of  coordination 
would  be  able  to  overcome  the  tendency  for  agencies  to  pursue 
their  primary  missions,  few  of  which  at  that  time  included  en¬ 
vironmental  quality.®®  Further,  it  was  apparent  that  great  poten¬ 
tial  existed  for  "conflicts  when  environmentad  quadity  is  managed 
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by  different  policies,  originating  in  conservation,  agriculture,  es¬ 
thetics,  recreation,  economic  development,  human  health,  and  so 
forth."^^  For  this  reason,  federal  agencies  needed  an  "overall 
policy  for  the  environment  .  .  .  which  integrates  these  purposes 
and  objectives  and  which  provides  for  choice  when  they  are  in¬ 
compatible  .  . .  [mindful  that]  [c]hoices  are  not  always  quantita¬ 
tive  and  trade-offs  are  not  systematic. 

Given  the  intricacies  and  interrelatedness  of  the  human  en¬ 
vironment,  a  policy  oriented  toward  very  specific  goals  or  objec¬ 
tives  was  seen  as  impractical.  Thus,  it  was  believed  that  "a 
comprehensive  policy  toward  the  environment  cannot  help  but  be 
philosophical  rather  than  specific."^ 

What  was  to  become  the  national  environmental  policy  was 
prepared  at  the  direction  of  Senator  Henry  Jackson  of  Washing¬ 
ton,  who  considered  the  policy  a  means  of  establishing  priorities 
and  giving  expression  to  "our  national  goals  and  aspirations  .  .  . 
[serving]  a  constitutional  function  in  that  people  may  refer  to  it 
for  guidance  in  making  decisions  where  environmental  values  are 
found  to  be  in  conflict  with  other  values."^*  According  to  Senator 
Jackson: 

A  properly  drafted  Congressional  statement  of  national 
environmental  polio/,  along  with  a  requirement  for  official 
statements  of  environmental  findings  in  federal  decisions  and 
legislative  proposals,  will  effectively  make  the  quality  of  the 
environment  everyone's  responsibility.  No  agency  will  then  be 
able  to  maintain  that  it  has  no  mandate  or  no  requirement  to 
consider  the  environmental  consequences  of  its  actions.^ 

The  need  for  a  comprehensive  environmental  policy  was 
never  seriously  disputed.  It  was  recognized,  however,  that  the 
mere  declaration  of  a  national  environmental  policy  would  not  as¬ 
sure  pursuit  of  its  objectives.^  Agencies  could  very  well  ignore  a 
statement  of  policy  if  not  compelled  somehow  to  do  otherwise. 
The  concept  of  self-policing  by  federal  agencies  that  pollute  or 
license  pollution  was  flatly  rejected.*’  A  mechanism  to  imple¬ 
ment  the  policy  was  needed,  an  "‘action-forcing*  process  that 
could  be  put  into  operation."*® 
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Section  102(2)(C)  of  NEPA  became  the  embodiment  of  the 
polic/s  "action-forcing"  mechanism.  The  "detailed  statement" 
prescribed  in  section  102(2)(C)  would  require  "federal  agencies, 
in  submitting  proposals,  to  contain  within  the  proposals  an 
evaluation  of  the  effect  of  these  proposals  upon  the  state  of  the 
environment.  . .  ."*®  Similarly,  "in  the  licensing  procedures  of  the 
various  agencies  such  as  the  Atomic  Energy  Commission  or  the 
Federal  Power  Commission  or  the  Federal  Aviation  Agency  there 
should  also  be,  to  the  extent  that  there  may  not  now  exist  fully  or 
adequately,  certain  requirements  with  respect  to  environmental 
protection.  .  .  ."^  Still,  many  questions  concerning  the  ap¬ 
plicability,  scope,  and  content  of  the  "detailed  statement" 
remained  unanswered. 

Analyzing  federal  actions  in  terms  of  their  eventual  effect  on 
the  status  of  the  environment  was  thought  to  be  a  difficult  under¬ 
taking,  even  for  experts.®^  Expectations  with  respect  to  nonexpert 
agencies  were  not  spelled  out  by  Congress  but  necessarily  derived 
from  the  two  principal  functions  that  the  environmental  impact 
assessment  process  was  designed  to  serve:  (1)  to  provoke  thought 
in  directions  with  which  agencies  were  generally  unfamiliar;  and 
(2)  to  restore  public  confidence  in  the  government’s  capacity  to 
balance  the  total  needs  of  society  in  its  decisionmaking  ap¬ 
paratus.  A  consultant  to  the  Senate  Committee  on  Interior  and 
Insular  Affairs  on  the  drafting  of  NEPA  observed: 

The  impact  statement  was  required  to  force  the  agencies 
to  take  the  substantive  provisions  of  the  Act  seriously,  and  to 
consider  the  environmental  policy  directives  of  the  Congress 
in  the  formulation  of  agency  plans  and  procedures.  To  the 
extent  that  agencies  have  built  the  criteria  specified  in  section 
101  into  their  assumptions  and  policies  and  have  utilized  the 
planning  procedures  indicated  in  section  101(2)(A)  and  (B), 
the  impact  statement  need  be  no  more  than  a  summary  of 
agency  action.  Acknowledging  exceptions,  it  may  be 
generalized  that  impact  statements  of  great  length  and  detail 
indicate  programs  or  projects  of  dubious  environmental 
merit.^ 


NEPA  In 
Practice 


On  January  1, 1970,  NEPA  was  signed  into  law,  and  the  enabling 
legislation  of  scores  of  federal  agencies  was  thereby  supple¬ 
mented.  In  broad  but  unmistakable  terms,  NEPA  declared  that 
regard  for  environmental  quality  was  a  national  priority.  Com¬ 
bined  with  other  important  policies,  the  new  law  sought  to 
promote  attainment  of  "the  national  goal  of  a  quality  life  in  a 
quality  environment  for  all  Americans,"®^  a  goal  with  which  vir¬ 
tually  no  one  would  take  issue. 


Early  Implementation 

During  the  first  few  years,  most  agencies  struggled  to  implement 
NEPA,  and  some  struggled  to  avoid  its  mandates  altogether.®^ 
While  the  Council  on  Environmental  Quality,  located  in  the  Ex¬ 
ecutive  Office  of  the  President,  issued  general  guidelines  deal¬ 
ing  with  the  preparation  of  environmental  impact  statements 
(EISs),®®  questions  relative  to  timing,  scope,  and  content 
remained.  A  universal  solution  to  the  problem  could  not  be 
devised,  due  to  the  diversity  of  federal  programs  and  the  dif¬ 
ferent  aspects  of  the  environments  they  affected.  The  indecisive¬ 
ness  with  which  NEPA  was  being  implemented  was  not  sur¬ 
prising,  given  the  narrow  interests  of  most  federal  agencies.®®  In 
any  event,  in  its  infancy  the  statute  appeared  to  be  floundering, 
lacking  a  champion  with  the  authority  to  enforce  its  mandates.®^ 
Although  Congress  had  not  anticipated  that  the  courts 
would  have  a  mcgor  role  in  the  implementation  of  NEPA,®®  the 
judiciary  took  an  active  interest  in  the  law  at  a  time  when  it 
otherwise  could  have  been  enfeebled.  Three  elements  combined 
in  the  early  1970s  to  stimulate  court  involvement.  First,  the 
ability  to  obtain  judicial  review  of  federal  agency  actions  was  ex- 
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tended  by  the  courts  to  embrace  special  interest  organizations  al¬ 
leging,  on  their  behalf  or  on  behalf  of  their  members,  injury  to 
aesthetic  and  environmental  well-being.®*  Second,  partially  in 
response  to  liberalized  rules  relative  to  "standing"  to  obtain  judi¬ 
cial  review,  environmental  interest  groups  grew  in  numbers, 
membership,  and  influence.^*  Finally,  the  courts  themselves 
were  increasingly  disposed  to  review  administrative  action  that 
touched  on  fundamental  personal  interests  in  life,  health,  and 
liberty,  interests  that  "always  had  a  special  claim  to  judicial 
protection  in  comparison  with  the  economic  interests  at  stake  in 
a  ratemaking  or  licensing  proceeding."^^ 

The  judicial  reviewability  of  federal  agency  actions  under 
NEPA  and  the  scope  of  such  review  was  tested  early  and  often. 
Although  courts  uniformly  held  that  NEPA  would  not  serve  as 
the  basis  for  an  independent  cause  of  action,**  judicial  review  of 
administrative  actions  under  NEPA,  which  contains  no  express 
prohibition  to  the  contrary,  was  consistently  found  to  be  avail¬ 
able.  In  the  case  of  Calvert  Cliffs  Coordinating  Comm.  v.  AEC,*^ 
the  scope  of  review  was  related  principally  to  section  102  of 
NEPA,  which  "mandates  a  particular  sort  of  careful  and  in¬ 
formed  decisionmaking  process  and  creates  judicially  enforce¬ 
able  duties."**  The  court  determined  that  the  provisions  of 
section  102,  "designed  to  see  that  all  federal  agencies  do  in  fact 
exercise  the  substantive  discretion  given  them  [in  section  101  of 
the  act,] . . .  are  not  highly  flexible.  Indeed,  they  establish  a  strict 
standard  of  compliance."*®  While  the  court  found  that  the 
provisions  of  section  102  "are  not  inherently  flexible  .  .  .  and 
must  be  complied  with  to  the  fullest  extent,"  it  did  not  dispose  of 
the  question  whether  the  scope  of  review  should  go  beyond  the 
issue  of  procedural  compliance,  observing  only  that  "reviewing 
courts  probably  cannot  reverse  a  substantive  decision  on  its 
merits,  under  section  101,  unless  it  be  shown  that  the  actual 
balance  of  costs  and  benefits  that  was  struck  was  arbitrary  or 
clearly  gave  insufficient  weight  to  environmental  values."*® 

In  Environmental  Defense  Fund  v.  Corps  of  Engineers, the 
question  of  whether  NEPA  provides  a  basis  for  review  of  agency 
decisions  on  substantive  grounds  was  answered  clearly  in  the  af¬ 
firmative.  There,  the  court  read  the  language  of  NEPA  and  its 
legislative  history  to  require  more  than  "environmental  full  dis¬ 
closure."*®  The  court  determined  that  the  "action-forcing"  proce- 
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dural  provisions  of  section  102(2)  were  not  ends  in  themselves. 
Rather,  their  purpose  "is  to  ‘insure  that  the  policies  enunciated  in 
section  101  are  implemented.’"^^  "The  unequivocal  intent  of 
NEPA,"  the  court  found,  "is  to  require  agencies  to  consider  and 
give  effect  to  the  environmental  goals  set  forth  in  the  Act,  not 
just  to  file  detailed  impact  studies  which  will  fill  governmental 
archives."®®  The  court  concluded  that,  in  view  of  agency  obliga¬ 
tions  to  carry  out  the  substantive  requirements  of  the  act, 
"courts  have  an  obligation  to  review  substantive  agency 
decisions  on  the  merits  . . .  [which]  should  improve  the  quality  of 
agency  decisions  and  should  make  it  more  likely  that  the  broad 
purposes  of  NEPA  will  be  realized."®^ 

While  many  circuits  held  the  view  that  NEPA  was  intended 
to  effect  substantive  changes  in  agency  decisionmaking,  an  equal 
number  found  that  NEPA  imposes  no  duties  on  federal  agencies 
other  than  the  procedural  requirements  of  section  102(2).®^  The 
substantive  vs.  procedural  division  of  opinion  concerning  NEPA 
mandates  continued  through  the  late  1970s.  Then,  in  1978,  the 
Supreme  Court  addressed  the  issue  in  Vermont  Yankee  Nuclear 
Power  Corp.  v.  Natural  Resources  Defense  Council. In  that  case, 
the  Court  was  called  upon  to  decide  issues  relative  to  the  exer¬ 
cise  of  administrative  discretion  by  the  Nuclear  Regulatory  Com¬ 
mission  in  the  context  of  several  statutes,  including  NEPA.  In  a 
wide-ranging  opinion  delineating  the  bounds  of  judicial  review  of 
agency  action,  the  Court  observed  that,  as  applied  to  decision¬ 
making  undertaken  pursuant  to  an  agency’s  fundamental 
charter,  NEPA  "has  altered  slightly  the  statutory  balance.  . .  ."®^ 
The  Court  went  on  to  recognize  that  "NEPA  does  set  forth  sub¬ 
stantive  goals  for  the  Nation,"  but  found  that  "its  mandate  to  the 
agencies  is  essentially  procedural.  ...  It  is  to  insure  a  fully  in¬ 
formed  and  well-considered  decision,  not  necessarily  a  decision 
the  judges  of  the  Court  of  Appeals  or  of  this  Court  would  have 
reached  had  they  been  members  of  the  decisionmaking  unit  of 
the  agency."®® 

Any  lingering  doubts  concerning  the  scope  of  judicial  review 
of  agency  action  under  NEPA  were  put  to  rest  two  years  later  in 
Strycker’s  Bay  Neighborhood  Council  v.  Karlan.^  There,  the 
Court  held  that  in  the  case  of  "a  decision  subject  to  NEPA’s  proce¬ 
dural  requirements,  the  only  role  for  a  court  is  to  insure  that  the 
agency  has  considered  the  environmental  consequences;  it  can- 
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not  ‘inteiject  itself  within  the  area  of  discretion  of  the  executive 
as  to  the  choice  of  the  action  to  be  taken/"®^ 

The  decisions  in  Vermont  Yankee  and  Strycker’s  Bay  do  not 
purport  to  diminish  the  importance  of  NEPA  in  securing  the  na¬ 
tional  goal  of  a  quality  life  in  a  quality  environment.  On  the  con¬ 
trary,  those  decisions  reinforce  the  clear  intent  of  NEPA  that 
environmental  quality  is  an  integral  part  of  every  agency’s  mis¬ 
sion  and  must  be  considered  along  with  other  national  policy  ob¬ 
jectives.  And,  as  the  Supreme  Court  has  acknowledged  recently, 
application  of  the  essentially  procedural  requirements  of  NEPA 
are  almost  certain  to  affect  agencies’  substantive  decisionmak¬ 
ing.®® 

The  year  1978  marked  the  beginning  of  the  end  of  inconsis¬ 
tent  government-wide  compliance  with  NEPA.  In  that  year,  the 
Council  issued  "regulations"  for  implementing  procedural  pro¬ 
visions.  Although  the  Council’s  "guidelines,"  issued  initially  on 
April  30,  1970,  and  revised  subsequently,®*  served  to  fill  "the 
vacuum  of  uncertainties"®®  as  to  what  might  be  required  by 
NEPA,  they  "included  only  limited  language  to  assist  the  agen¬ 
cies  in  developing  separate  procedures  for  .  .  .  impact  state¬ 
ments."®^  The  EIS  process  also  was  being  shaped  by  the  courts, 
which  were  not  reluctant  to  get  involved  in  determining  the  ade¬ 
quacy  of  environmental  processes  undertaken  by  federal  agen¬ 
cies.  Courts  also  tended  to  measure  agency  compliance  with 
NEPA  against  their  own  perception  of  the  environmental  values 
at  stake.  All  of  this  had  the  effect  of  confusing,  instead  of  clarify¬ 
ing,  issues,  with  the  result  that  "[rjather  than  short,  helpful 
analyses  of  probable  impacts  and  options,  environmental  impact 
statements  became  marn.  oth  discourses  on  every  conceivable 
environmental  effect  and  the  butt  of  jokes  about  regulation  and 
red  tape."®* 

It  was  time  to  get  back  to  basics. 

Executive  Order  No.  11991  of  May  24,  1977,®®  was  promul¬ 
gated  to  eliminate  confusion  caused  by  inconsistent  implementa¬ 
tion  of  NEPA,  The  Council  was  directed  to  issue  regulations 
designed  "to  make  the  EIS  process  more  useful  to  decision¬ 
makers  and  the  public;  and  to  reduce  paperwork  and  the  ac¬ 
cumulation  of  extraneous  background  data  ...  to  focus  on  real 
environmental  issues  and  alternatives."®^  Other  problem  areas 
that  had  developed  in  implementing  NEPA  also  were  targeted. 
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including  the  need  for  concise  and  clear  EISs  as  well  as  their 
early  preparation  in  the  decisionmaking  process. 

The  regulations®®  promulgated  under  Executive  Order  No. 
11991,  with  one  minor  change,®®  remain  in  force  today,  almost  12 
years  later.  Durable  and  comprehensive,  the  Council’s  regula¬ 
tions  have  had  the  desired  effect  of  standardizing  basic  NEPA 
compliance  practices  throughout  the  federal  government.  At  the 
same  time,  through  mechanisms  such  as  scoping,®^  classification 
of  actions,®®  incorporation  by  reference,®®  tiering,’®  and  other  pro¬ 
cedures,  the  Council’s  regulations  have  been  instrumental  in 
keeping  the  NEPA  process  focused  and  useful  to  both  decision¬ 
makers  and  the  public  alike,  while  providing  agencies  substan¬ 
tial  discretion  to  adapt  those  procedures  to  their  programs. 


Federal  Decisionmaking 


Despite  the  litigation  that  has  shaped  its  history,  the  basic  NEPA 
message  remains  unchanged  after  20  years.  NEPA  tells  all 
federal  agencies  to  take  the  following  steps: 

•  Think  about  the  environment  when  planning  any  major 
action. 

•  Closely  examine  the  need  for  and  objective  of  projects, 
especially  resource-intensive  projects. 

•  Diligently  search  for  alternatives  that  will  not  degrade 
the  environment. 

•  Evaluate  anticipated  environmental  effects  to  the  extent 
necessary  to  delineate  choices  to  decisionmakers  and  the 
public. 

•  Keep  the  federal  decisionmaking  process  open,  honest, 
and  cooperative. 

In  the  final  analysis,  the  effectiveness  of  NEPA  will  be 
judged  by  the  extent  to  which  the  nation  puts  its  environmental 
ethic  into  practice.  One  way  to  measure  that  is  to  examine  past 
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federal  agency  decisions  and  assess  how  those  decisions  were 
shaped  by  the  NEPA  process.  The  examples  of  federal  actions 
that  are  described  here  demonstrate  that  federal  agencies  (and 
perhaps  the  nation  as  a  whole)  indeed  have  made  progress  in  in¬ 
stitutionalizing  the  NEPA  ethic. 


USDA/Forest  Service:  Vegetation 
Management 

Cooperation  between  the  government  and  citizens  affected  by  its 
actions  is  the  foundation  of  a  new  vegetation  management  pro¬ 
gram  that  has  been  developed  by  the  Pacific  Northwest  Region 
(Oregon  and  Washington)  of  the  U.S.  Department  of 
Agriculture’s  Forest  Service.  The  spirit  in  which  all  parties  ap¬ 
proached  vegetation  management  in  the  Pacific  Northwest  has 
not  always  been  cooperative.  On  the  contrary,  until  fairly  recent¬ 
ly  it  was  confrontational. 

The  Beginnings:  Litigation 

On  July  13, 1983,  a  suit  was  filed  in  United  States  District  Court 
for  the  District  of  Oregon  by  Northwest  Coalition  for  Alterna¬ 
tives  to  Pesticides  (NCAP),  Oregon  Environmental  Council,  and 
Audubon  Society  of  Portland  against  the  USDA/Forest  Service 
and  others.  A  judgement  entered  March  14,  1984,  found  that, 
"[t]he  defendants  have  not  prepared  an  adequate  Worst  Case 
Analysis,  pursuant  to  their  NEPA  obligations. . . ."  An  injunction 
against  the  use  of  herbicides  on  defendants’  lands  was  issued, 
and  it  was  to  remain  effective  until  agency  obligations  were  ful¬ 
filled. 

The  court  order  and  injunction  prompted  the  Forest  Service 
to  review  its  programs  and  policies  to  discover  what  had  gone 
wrong.  After  considerable  introspection,  the  Forest  Service  con¬ 
cluded  that  the  legal  action  had  been  driven  primarily  by  strong 
public  reaction  to  the  use  of  herbicides,  a  situation  that  had  been 
allowed  to  degenerate  to  the  point  that  all  sides  to  the  issue 
stopped  communicating.  Further,  the  Forest  Service  determined 
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that  many  of  its  employees,  supervisors  and  nonsupervisors 
alike,  shared  the  public’s  concerns.  Despite  those  concerns,  most 
people  were  not  insisting  on  completely  halting  Forest  Service 
herbicide  spraying;  instead  they  wanted  their  views  to  be  in¬ 
cluded  in  program  development.  What  the  Forest  Service  pro¬ 
gram  seemed  to  be  lacking  was  a  forum — other  than  the 
courthouse — in  which  to  exchange  viewpoints,  ideas,  and  infor¬ 
mation. 


The  Parties 

After  stud5dng  the  problem,  the  Forest  Service  concluded  that 
the  herbicide  controversy  transcended  what  chemicals  were 
used,  how  they  were  used,  and  where.  Rather,  the  public  was 
concerned  because  the  Forest  Service  did  not  seem  to  be  ade¬ 
quately  considering  alternative  methods  of  vegetation  manage¬ 
ment  or  the  full  consequences  of  relying  on  herbicides.  Con¬ 
sequently,  the  Forest  Service  chose  to  reach  out  to  members  of 
the  public  to  seek  their  counsel  on  how  best  to  proceed. 

While  the  Forest  Service’s  response  to  the  controversy  was 
evolving,  so  was  the  understanding  and  organization  of  the  en¬ 
vironmental  community.  There  was  a  growing  recognition  that 
what  works  in  one  situation  may  not  work  in  another,  and  that 
decisions  associated  with  vegetation  management  have  far- 
reaching  implications.  The  way  the  Forest  Service  manages 
vegetation,  for  instance,  affects  the  long-term  sustainabilities  of 
national  forests  which,  in  turn,  are  linked  to  the  long-term  vigor 
of  local  economies. 

As  the  complexity  and  interconnectedness  of  the  issues  be¬ 
came  more  apparent,  all  parties  began  to  better  understand  the 
opposing  points  of  view.  Better  communication  was  seen  as 
preferable  to  ongoing  litigation,  especially  since  the  issues  as¬ 
sociated  with  vegetation  management  were  so  complex.  Thus,  all 
parties  agreed  to  use  the  framework  provided  by  NEPA  to 
develop  an  environmental  impact  statement  that  would  help 
solve  the  problem. 
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A  New  EIS,  A  New  Program 

In  reinitiating  the  EIS  process,  the  Forest  Service  decided  to 
evaluate  and  develop  anew  all  of  its  programs  for  vegetation 
management.  The  agency  would  examine  programs  from  the 
ground  up,  carefully  reconsidering  all  assumptions  and  policies 
while  working  closely  with  the  concerned  public.  As  a  result, 
during  the  iiyunction,  the  Forest  Service  learned  more  about  the 
use  of  nonchemical  alternatives  to  herbicides. 

Environmental  and  business  interests  also  approached  the 
task  with  a  new  sense  of  purpose.  The  University  of  Oregon’s 
Western  Natural  Resources  Law  Clinic,  representing  the  plain¬ 
tiffs,  began  working  together  with  the  Forest  Service  to  find 
ways  for  the  parties  in  the  lawsuit  to  resolve  their  difierences 
outside  of  the  courtroom.  Oregonians  for  Food  and  Shelter  (OFS), 
an  organization  representing  the  business  community  that  had 
intervened  on  the  side  of  the  defendants,  also  helped  explore  for 
commonly  agreeable  solutions. 

Before  the  Forest  Service  issued  a  Notice  of  Intent  to 
develop  a  new  vegetation  management  EIS,  the  key  players  met 
at  the  invitation  of  the  Forest  Service  to  establish  common  prin¬ 
ciples  and  agreements  on  how  best  to  include  the  public  in  Forest 
Service  decisionmaking.  Those  meetings  were  successful  because 
all  participants  were  willing  to  listen — and  be  receptive — to  the 
other  points  of  view. 

During  the  course  of  the  initial  meetings,  a  variety  of  means 
for  involving  the  public  in  Forest  Service  decisionmaking  were 
worked  out,  including  the  following  actions: 

•  Periodic  mailings  of  progress  reports, 

•  Issues  workshops  hosted  by  NCAP  and  OFS, 

•  Environmental  and  business  community  assistance  to 
the  Forest  Service  interdisciplinary  team, 

•  NCAP  and  OFS  leadership  in  coordinating 
involvement  of  the  interests  they  represent, 

•  A  special  outreach  program  to  Forest  Service 
employees, 

•  Close  coordination  with  other  organizations,  such  as 
the  Society  of  American  Foresters. 
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An  interdisciplinary  team  was  formed  by  the  Forest  Service 
to  develop  the  new  vegetation  management  program.  The  team 
was  responsible  for  collecting  data,  developing  alternatives,  es¬ 
timating  effects,  evaluating  alternatives,  and  recommending  a 
preferred  alternative.  The  team  also  helped  refine  issues  to  be 
considered  in  development  of  the  new  program. 

The  issues  derived  from  meetings,  workshops,  and  respon¬ 
ses  to  the  initial  Request  for  Participation  were  used  by  the 
Forest  Service  interdisciplinary  team  to  formulate  the  study’s 
preliminary  alternatives.  A  summary  of  the  issues  and  prelimi¬ 
nary  alternatives  was  sent  out  to  the  public  as  Request  for  Par¬ 
ticipation  No.  2.  Based  on  the  comments  received,  the  alter¬ 
natives  were  modified  and  a  sharpened  understanding  of  the  is¬ 
sues  was  communicated  to  the  public  in  Request  for  Participa¬ 
tion  No.  3. 

The  working  groups  put  together  by  NCAP  and  OFS  helped 
the  interdisciplinary  team  understand  and  respond  to  the  issues. 
In  particular,  both  groups  made  significant  contributions  in  help¬ 
ing  the  team  define  the  kinds  of  alternatives  to  be  considered, 
the  human  health  risks  associated  vdth  various  approaches  to 
vegetation  management,  and  other  analytical  needs. 

A  draft  EIS,  on  which  public  comment  was  invited,  was  is¬ 
sued  by  the  Forest  Service  early  in  the  summer  of  1988.  In 
November  1988,  the  Forest  Service  issued  a  final  EIS  that  (1) 
recognized  the  variety  of  complex  problems  associated  with  her¬ 
bicide  use;  (2)  adopted  site-specific  management  techniques  to 
prevent  the  majority  of  vegetative  problems,  opting  to  handle 
nonchemically  most  of  the  problems  that  could  not  be  prevented; 
(3)  eliminated  altogether  the  use  of  some  herbicides  of  excessive 
or  totadly  unknown  risk;  and  (4)  designated  as  a  product  of  laist 
resort  one  particulair  herbicide,  2,4-D. 

After  further  negotiations,  the  NEPA  process  was  finally 
concluded.  The  Forest  Service  now  is  resuming  a  balanced  vege¬ 
tation  management  prograun  that  includes  selective,  monitored 
application  of  herbicides.  Moreover,  the  Forest  Service  currently 
is  developing  handbooks  for  implementation  of  the  EIS,  training 
Forest  Service  personnel  in  proper  implementation  procedures, 
auid  continuing  communications  with  NCAP  and  the  public. 
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Environmental  Protection  Agency: 
Protecting  Water  Quality 

The  Environmental  Protection  Agency  (EPA)  carries  out  environ¬ 
mental  reviews  under  the  National  Environmental  Policy  Act  for 
some  of  its  activities,  although  it  is  exempted  from  NEPA  for 
most  of  its  regulatory  programs.  EPA  conducts  the  majority  of  its 
NEPA  evaluations  on  municipal  wastewater  treatment  construc¬ 
tion  grant  projects,  new  source  water  discharge  permits,  re¬ 
search  and  development  projects,  and  ocean  disposal  site  desig¬ 
nations. 

In  1980  EPA  published  a  report  entitled  "Evaluation  of 
EPA’s  EIS  Program  for  Wastewater  Treatment  Facilities,"  which 
presented  the  results  of  an  EPA  study  on  EISs  related  to  EPA- 
funded  wastewater  treatment  facilities.  This  study,  the  first  un¬ 
dertaken  to  determine  the  effects  of  NEPA  on  an  agency 
program,  examined  58  EISs  prepared  in  the  10  EPA  regional  of¬ 
fices.  It  found  that  EIS  preparation  was  effective  in  (1)  causing 
m£gor  changes  in  projects,  (2)  providing  more  protection  for  the 
environment,  (3)  improving  opportunities  for  public  participation 
in  the  decisionmaking  process,  and  (4)  providing  cost-savings 
that  were  the  result  of  project  changes  prompted  by  the  EIS 
process.  Tables  2-1,  2-2,  and  2-3  show  some  of  the  study  findings. 
More  recently,  EPA  has  carried  out  further  studies  of  projects 
and  of  benefits  derived  from  the  NEPA  process.  The  results  rein¬ 
force  many  of  the  findings  of  the  1980  study.  The  projects  ex¬ 
amined  include  wastewater  treatment  construction  grants  as 
well  as  other  actions. 

Overview  of  the  Construction  Grants 
Program 

Most  of  the  EISs  that  EPA  has  prepared  are  related  to  the  grants 
it  provides  for  the  construction  of  wastewater  treatment 
facilities.  EPA  currently  provides  up  to  55  percent  of  the  funding 
for  municipalities  to  build  treatment  facilities  necessary  to  meet 
water  quality  goals.  The  types  of  projects  that  are  eligible  for 
funding  include  wastewater  treatment  plants,  interceptor 
sewers,  and  collector  sewers. 
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Table  2-1.— Environmental  Impact  Statements  (EISs)  Causing  Major 
Project  Changes,  by  Category,  1980. _ 


EISs  CAUSING  CHANGE 


CATEGORY  OF  CHANGE 

NUMBER 

PERCENT 

Location  of  Facilities 

32 

55.2 

Capacity  of  Facilities 

31 

53.4 

Areas  to  be  Serviced 

30 

51.7 

Level  of  T reatment 

13 

22.4 

Method  of  Effluent  Disposal 

13 

22.4 

Land  Use  Priority 

11 

19.0 

Sludge  Disposal  Method 

9 

15.5 

Type  of  Treatment 

8 

13.8 

Hook-up  Controls 

5 

8.6 

Table  2-2.— EISs  Resulting  in  Environmental  Benefits,  by  Category,  1980. 

EISs  RESULTING  IN  BENEFIT 

CATEGORY  OF  BENEFIT 

NUMBER 

PERCENT 

Surface  Water  Quality 

41 

70.7 

Control  of  Induced  Development 

32 

55.2 

Floodplains 

16 

27.6 

Wetlands 

14 

24.1 

Archaeological  Sites 

14 

24.1 

Open  Space  and  Recreational  Lands 

14 

24.1 

Aquifer  Recharge  (groundwater) 

13 

22.4 

Prime  Agricultural  Lands 

12 

20.7 

Historic  Sites 

12 

20.7 

Air  Quality 

8 

13.8 

Endangered  Species  (habitat) 

5 

8.6 

Wild  and  Scenic  Rivers 

1 

1.7 

Table  2-3. — EISs  Involving  Public  Participation,  by  Category,  1980. 


CATEGORY  OF  PUBLIC 
PARTICIPATION 

EISs  INVOLVING  PUBLIC  PARTICIPATION 

NUMBER 

PERCENT 

Public  Meetings 

55 

94.8 

Public  Hearings 

52 

89.7 

Special  Mailings 

33 

56.9 

Media  Supplements 

20 

34.5 

Note:  Tabular  material  is  based  on  an  EPA  analysis  of  58  EISs  made  in  1980. 

Source:  EPA  Office  of  Environmental  Review,  Evaluation  of  EPA's  EIS  Program  for  Wastewater  Treat¬ 
ment  Facilities,  EPA,  Washington,  DC  (November  1980). 


The  Clean  Water  Act  allows  states  to  administer  certain  ele¬ 
ments  of  the  EPA  construction  grants  program  under  a  delega¬ 
tion  agreement.  As  part  of  that  agreement,  states  are  responsible 
for  conducting  the  preliminary  environmental  studies  that  EPA 
uses  in  the  preparation  of  environmental  assessments  (EAs)  and 
environmental  impact  statements  (EISs). 


32 


I  THE  NATIONAL  ENVIRONMENTAL  POLICY 


NEPA  Benefits  to  the  Construction 
Grants  Program 

The  early  application  of  NEPA  to  mtgor  projects  and  operations 
subject  to  EPA  oversight  not  only  promoted  environmentally  sen¬ 
sitive  decisions  but  also  contributed  to  more  efllcient  planning 
and  cost-effective  implementation  techniques. 

Wastewater  Treatment  Facilities, 

Everett,  Washington 

In  1982  the  city  of  Everett,  Washington,  began  to  define  alterna¬ 
tives  for  expanding  its  wastewater  treatment  facilities  on  Smith 
Island  in  the  lower  Snohomish  River  Basin.  The  city’s  preferred 
alternative  consisted  of  expanding  the  existing  diked  lagoon  sys¬ 
tem  into  a  wetland  and  disposing  of  sludge  on  site.  In  coi\iunc- 
tion  with  an  anticipated  construction  grant  request  under  Title 
II  of  the  Clean  Water  Act  and  a  dredge  and  fill  permit  request 
under  section  404  of  the  Act,  EPA  Region  X  and  the  U.S.  Army 
Corps  of  Engineers,  Seattle  District,  required  the  city  to 
reevaluate  alternatives  so  that  both  agencies  could  begin 
preparation  of  NEPA  compliance  documents.  The  Washington 
Department  of  Ecology  also  required  further  evaluation  of  alter¬ 
natives  pursuant  to  the  State  Environmental  Policy  Act. 

Three  environmental  issues  were  of  principal  concern:  the 
effects  of  inundating  and  diking  75  acres  of  wetland  located  in  a 
100-year  floodplain  near  a  major  river  that  supports  anadromous 
fisheries,  the  potential  impact  of  sludge  disposal  within  such  an 
area,  and  recurring  violations  at  the  existing  plant  of  water  dis¬ 
charge  permit  conditions.  In  addition,  the  project  required  coas¬ 
tal  zone  consistency  approval.  The  grant  request  and  Corps 
permit  decision  required  extensive  negotiations  and  consultation 
among  several  agencies:  EPA,  the  Corps  of  Engineers,  the  city 
management  agency,  and  state  agencies  such  as  the  Depaurtment 
of  Wildlife  and  Ecology.  Throughout  the  process  several  public 
meetings  were  held,  with  extensive  public  input. 

The  consultation  process  resulted  in  substantial  changes  in 
the  city’s  plan.  A  new  treatment  and  disposal  alternative  was 
selected  that  would  impact  only  11.2  acres  (including  7.4  acres  of 
wetland)  and  allow  for  an  improved  operating  system  with 
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higher  capacity.  The  facility  was  redesigned  to  be  in  full  com¬ 
pliance  with  federal  flood  insurance  regulations  and  a  new 
method  of  sludge  disposal  (composting  with  subsequent  land  ap¬ 
plication  on  silvicultural  or  agricultural  areas  off  site)  was 
selected. 

The  new  plan  had  far  less  environmental  impact,  it  met 
water-discharge  permit  conditions,  and  the  public  found  it  far 
more  acceptable.  Further,  the  7.4-acre  wetland  impact  was  to  be 
mitigated  by  reclamation  and  enhancement  of  a  13.3-acre  dis¬ 
turbed  wetland  in  the  project  vicinity,  which  satisfied  resource 
agency  concerns. 

The  resolution  of  these  issues  allowed  both  EPA  and  the 
Corps  of  Engineers  to  complete  environmental  assessments  and 
determine  that  the  final  project  would  not  result  in  significant 
impact  to  the  human  environment.  Subsequently,  EPA  issued  a 
Finding  of  No  Significant  Impact  (FONSI);  a  construction  grant 
was  provided  to  the  City  of  Everett  in  September  1988.  The 
Corps  of  Engineers  had  issued  a  404  permit  to  the  city  in  Decem¬ 
ber  1987.  When  the  project  is  completed,  Everett,  Washington, 
will  have  obtained  a  reliable  treatment  facility  with  higher 
capacity  and  fewer  environmental  impacts  than  were  proposed 
in  1982,  and  at  a  lower  cost  to  its  citizens. 

Wastewater  Treatment  Facilities, 

North  Carolina  Barrier  Islands 

In  1982  the  EPA  Region  IV  office  was  concerned  with  the  impact 
of  federally  financed  development  on  the  North  Carolina  barrier 
islands.  EPA  had  received  six  plans  for  wastewater  treatment 
facilities  on  the  barrier  islands;  five  of  those  plans  proposed 
regional  treatment  systems  to  replace  existing  local  treatment 
works. 

Region  IV  had  three  msgor  concerns  about  these  plans: 

•  Would  the  increase  in  treatment  capacity  stimulate 
substantial  new  growth? 

•  What  would  be  the  impact  of  this  growth  on  sensitive 
island  environments  such  as  dunes  and  wetlands? 

•  Would  the  local  communities  have  the  financial 
capability  for  plant  construction  and  operation? 
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As  a  result  of  its  concerns,  EPA  decided  to  prepare  an  EIS  on 
wastewater  treatment  for  the  North  Carolina  barrier  islands. 
The  draft  EIS  was  issued  in  Jmie  1983;  following  public  review 
and  comment,  a  final  EIS  was  issued  in  January  1984.  The  EIS 
looked  at  options  for  wastewater  treatment  ranging  from  con¬ 
tinued  use  of  existing  facilities  to  construction  of  the  regional 
treatment  plants  oiiginally  proposed. 

The  EIS  also  examined  water  quality  problems  related  to 
wastewater  treatment  and  development.  An  especially  important 
finding  was  that  the  impact  of  septic  tank  discharge  on  shellfish 
bed  closure  had  been  overestimated,  and  that  nonpoint  runoff 
resulting  from  development  was  a  larger  factor  in  such  closures 
than  had  been  thought.  The  adverse  impact  of  development  on 
groundwater  also  was  assessed. 

The  EIS  found  that  development  resulting  from  regional 
treatment  systems  could  well  have  adverse  environmental  im¬ 
pacts  that  would  diminish  the  benefit  to  water  quality  from  addi- 
tionsd  waste  treatment.  As  a  solution  to  this  problem,  the  EIS 
identified  a  strategy  for  barrier  island  communities  to  more 
precisely  determine  wastewater  treatment  needs  and  to  balance 
those  needs  against  environmental  impacts  and  financial  con¬ 
siderations. 

NEPA  Reviews  of  Projects  Involving  New 
Source  Water  Discharge  Permits 

Under  section  306,  section  402,  and  section  511  (c)  (1)  of  the 
Clean  Water  Act,  EPA  authorizes  permits  for  the  discharge  of  ef¬ 
fluent  into  U.S.  waters.  Where  issuance  of  permits  has  not  been 
assumed  by  a  state,  EPA  is  required  to  comply  with  NEPA  in  is¬ 
suing  new  source  permits  for  discharges  subject  to  new  source  ef¬ 
fluent  guidelines.  EPA  has  this  responsibility  in  13  states  and  on 
Indian  reservations. 

In  Oklahoma,  New  Mexico,  and  Arkansas,  most  NEPA  re¬ 
view  activity  by  EPA  for  water  discharge  permits  has  been  re¬ 
lated  to  coal  mining  operations.  Many  such  operations  tended  to 
pull  out  of  their  projects  before  proper  reclamation  was  com¬ 
pleted.  In  New  Mexico,  for  example,  operators  claimed  that  they 
were  no-discharge  operations  and  therefore  required  no  permits. 


35 


1970  EN\  IROKMENTAL  QUALITY  1990 


In  Arkansas,  some  operations  were  able  to  proceed  unrestricted 
because  they  were  claimed  to  be  exploration  projects. 

In  a  coordinated  effort,  EPA,  the  Department  of  the  Inte¬ 
rior’s  Office  of  Surface  Mining,  Reclamation,  and  Enforcement 
(OSM),  and  state  agencies  began  working  together  to  enforce 
NEPA  and  stop  the  improper  permitting  and  operation  of  such 
coal  mines.  EPA  and  OSM  developed  an  agreement  to  incor¬ 
porate  each  other’s  permitting  procedures  to  ensure  compliance 
with  the  pertinent  regulations  and  expedite  the  permitting 
process.  New  Mexico’s  Environmental  Improvement  Division 
and  Energy  and  Mineral  Mining  Agency  were  able  to  more 
vigorously  enforce  their  regulations  and  monitor  operations.  This 
cooperative  effort  led  to  eight  environmental  reviews  and  five 
cancelled  permit  applications. 

In  Oklahoma,  irresponsible  operators  were  entering  sensi¬ 
tive  and  impacted  areas  and  leaving  open  pits,  overburden,  and 
gob  piles  unreclaimed.  By  enforcing  the  NEPA  review  process  on 
the  water  discharge  permits  and  requiring  proof  of  executable 
reclamation  bonds,  EPA  and  the  state  of  Oklahoma  were  able  to 
eliminate  some  of  these  types  of  practices  in  environmentally 
sensitive  areas. 

In  Arkansas,  NEPA  reviews  by  EPA  resulted  in  operators 
being  more  responsive  to  environmental  issues.  Potential  im¬ 
pacts  on  cultural  resources  and  mitigation  measures  received 
greater  attention  and  significance. 

Red  Dog  Mine  Project 

In  1983  the  EPA  Region  X  office  prepared  an  EIS  in  connection 
with  a  water  discharge  permit  application  for  a  lead/zinc  mine  on 
native  lands  in  northwest  Alaska.  Two  environmental  issues 
were  of  principal  concern:  the  effect  of  a  57-mile  access  road  on 
the  Cape  Krusenstern  National  Monument  and  the  potentially 
toxic  impacts  on  the  Wulik  River,  which  is  used  by  Alaskan  na¬ 
tives  for  subsistence  fishing.  In  addition,  the  permit  decision  re¬ 
quired  extensive  negotiation  and  consultation  with  the  state, 
Alaskan  natives,  and  the  Department  of  the  Interior.  Also, 
Presidential  and  Congressional  approval  was  needed  for  any 
development  in  the  national  monument  area. 
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The  final  EIS  was  issued  jointly  by  EPA  and  the  Department 
of  the  Interior  (DOI)  in  September  1984.  The  EIS  analysis 
resulted  in  an  approach  to  siting  and  operation  of  the  mine  that 
would  actually  reduce  zinc  contamination  of  waters  from  natural¬ 
ly  occurring  levels.  As  part  of  the  EIS,  EPA  and  DOI  assessed  al¬ 
ternative  access  routes.  As  a  result,  both  agencies  determined 
that  the  route  through  the  national  monument  was  actually  the 
alternative  with  the  least  environmental  impact.  The  EIS  ad¬ 
dressed  environmentalists*  concerns  and  provided  a  good  basis 
for  obtaining  Presidential  and  Congressional  approval  of  this  op¬ 
tion. 


Department  of  Defense:  The  Fort  Polk 
Story 

In  December  1983  the  U.S.  Army  decided  to  equip  the  5th 
Mechanized  Infantry  Division  at  Fort  Polk,  Louisiana,  with  the 
newest  combat  vehicles — the  Abrams  main  battle  tank,  the 
Bradley  fighting  vehicle,  and  the  Apache  attack  helicopter.  The 
Directorate  of  Engineering  and  Housing  (DEH)  at  Fort  Polk 
foresaw  the  need  to  build  a  modem  test  range  and  training 
facilities  for  the  new  vehicles.  The  DEH  planners  therefore 
began  working  on  a  new  Multi-Purpose  Range  Complex  (MPRC) 

I  to  support  the  infantry,  armor,  and  helicopter  training  require- 

i  ments. 

I  The  personnel  at  Fort  Polk  made  environmental  considera- 

I  tions  an  integral  part  of  the  planning  process.  Their  approach 

I  and  the  resulting  environmental  impact  statement  are  good  ex¬ 

amples  of  how  both  mission  and  environmental  objectives  can  be 
met  simultaneously. 

I  Initially,  the  planners  identified  three  sites  within  the  boun- 

i  daries  of  Fort  Polk  that  would  meet  training  requirements.  The 

I  Fort  Polk  command  group  selected  Site  2  as  the  preferred  alter¬ 

native  based  on  the  mission  requirements  for  multiple  engage¬ 
ments,  intervisibility  of  target,  course  length,  and  unit 
combination.  DEH  planners  then  set  about  evaluating  the  con¬ 
struction  feasibility  and  potential  environmental  impacts  for  that 
site. 
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Past  environmental  surveys  had  discovered  an  endangered 
species — the  red-cockaded  woodpecker — nesting  in  trees  within 
Site  2.  Consequently,  the  DEH  planners  selected  another  site  for 
evaluation.  They  conducted  a  mission  analysis  and  prepared  an 
Environmental  Assessment  (EA)  for  both  sites.  The  mission 
analysis  showed  that  Site  2A  was  the  new  preferred  alternative, 
because  it  could  provide  more  realistic  training.  However,  the  EA 
found  that  Site  2A  would  cause  more  severe  environmental  im¬ 
pacts  than  Site  2.  The  planners  at  Fort  Polk  then  decided  to 
prepare  an  EIS  encompassing  all  four  sites. 

Because  of  time  constraints  and  lack  of  funds,  the  DEH 
decided  to  do  the  EIS  "in-house."  Fort  Polk’s  ecologist  was  as¬ 
signed  the  duty  of  directing  the  EIS  effort.  The  nine-person  DEH 
environmental  division  had  expertise  in  acoustical  engineering, 
biology,  and  chemistry.  Moreover,  since  about  half  of  the  Fort 
Polk  military  reservation  is  permitted  from  the  USDA/Forest 
Service,  a  full-time  f  orestry  liaison  ofiicer  was  available  to 
support  the  EIS  effort.  The  environmental  division  supple¬ 
mented  their  in-house  expertise  by  contracting  for  assistance 
with  archaeological,  groundwater,  noise-modeling,  and  wood¬ 
pecker  studies. 

The  in-house  interdisciplinary  approach  to  environmental 
analysis  had  several  advantages  over  contracting  for  all  environ¬ 
mental  services.  First,  it  allowed  the  necessary  documentation  to 
be  prepared  much  more  quickly.  Second,  it  reduced  the  cost  far 
below  what  an  outside  consultant  would  have  charged.  Finally, 
the  predominantly  in-house  effort  produced  a  product  with  ap¬ 
propriate  focus.  It  also  enabled  the  personnel  who  would  be 
monitoring  the  project  to  understand  its  potential  impacts.  The 
key  to  the  real  success  of  the  EIS  process,  however,  was  early  in¬ 
corporation  of  environmental  analysis  into  the  planning  process, 
an  action  that  facilitated  a  spirit  of  cooperation  which,  with  en¬ 
couragement  from  the  military  leadership,  led  to  the  EIS  being 
an  integral  part  of  mission  planning  and  decisionmaking. 

Prior  to  the  EIS  effort,  the  EA  had  addressed  most  of  the 
mqjor  environmental  issues  and  had  identified  those  likely  to 
cause  public  controversy.  The  Fort  Polk  planners  had  expected 
strong  opposition  from  environmentalists  and  the  public  over  the 
threat  to  the  endangered  species  and  the  reduction  of  hunting 
areas.  Surprisingly,  however,  the  issue  that  generated  the  most 
concern  at  a  well-attended  scoping  meeting  was  noise. 
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Fort  Polk’s  managers  decided  to  hold  a  public  hearing  in  the 
evening  and  at  a  location  convenient  to  the  public.  A  p£inel  con¬ 
sisting  of  representatives  from  all  involved  and  affected  units 
within  Fort  Polk  were  present  to  answer  questions  raised  by  the 
public.  Because  the  military  leadership  was  cooperative  and  con¬ 
cerned,  the  resulting  discussion  was  friendly  and  productive.  An 
EIS  framework  was  laid  out  to  address  all  expressed  concerns, 
including  a  thorough  analysis  of  potential  noise  impacts. 

The  ensuing  environmental  study  disclosed  the  following 
factors: 

•  Site  2A  had  more  red-cockaded  woodpecker  nests  than 
any  other  site  considered. 

•  The  area’s  slopes  and  streambanks  were  extremely 
erodible  and  would  require  erosion  control  measures  to 
avoid  long-term  environmental  impacts. 

•  The  local  community  was  strongly  opposed  to  Site  2A 
because  of  noise.  Although  the  community  was  not 
opposed  to  the  testing,  it  would  likely  solicit  local 
officials  to  block  it  if  Site  2A  were  selected. 

The  EIS  process  led  to  the  following  conclusions: 

•  Site  1  rated  poorly  on  both  mission  criteria  and 
environmental  impacts. 

•  Site  2  rated  satisfactory  on  both  mission  criteria  and 
environmental  impacts. 

•  Site  2A  was  the  best  alternative  on  the  basis  of  mission 
criteria  but  would  have  adverse  environmental  impacts. 

•  Site  3  rated  poorly  on  mission  criteria  but  was  the  best 
alternative  on  the  basis  of  environmental  impacts. 

The  Fort  Polk  commander  selected  Site  2  for  the  Multi-Pur¬ 
pose  Range  Complex.  The  public  and  environmental  groups  ac¬ 
cepted  the  analysis,  because  environment-enhancing  mitigation 
measures  had  been  identified  to  help  protect  natural  resources. 
Mitigation  included  protection  of  the  red-cockaded  woodpeckers’ 
nests,  soil  erosion  control,  forest  management  changes,  and 
wildlife  protection. 


39 


1970  E:^VIR0^ME>JTAL  QUALITY  1990 


Construction  of  the  MPRC  was  managed  by  the  Army  Corps 
of  Engineers,  Fort  Worth  District,  which  awarded  a  contract 
after  a  predesign  conference  and  design  reviews  attended  by  Fort 
Polk  environmental  managers.  The  MPRC  was  designed  to  avoid 
the  red-cockaded  woodpeckers’  habitat,  archaeological  sites,  and 
erosion-prone  areas.  The  design  also  enhanced  the  realism  of  the 
training  by  maintaining  the  natural  barriers  that  combat  troops 
mi^t  encounter. 

However,  since  the  Corps  underestimated  the  environmen¬ 
tal  sensitivity  of  the  site,  many  of  the  environmental  mitigation 
measures  were  not  properly  implemented.  Such  measures  in¬ 
cluded  small  downstream  sediment  basins,  diversion  berms, 
sodded  ditches,  interceptor  berms,  and  grade  stabilization  struc¬ 
tures.  In  particular,  the  Corps  did  not  require  the  contractor  to 
install  sediment  basins  prior  to  site  clearing  as  specified  in  the 
EIS. 

Fort  Polk  environmental  specialists  were  monitoring  the 
Corps  and  its  construction  contractors  to  ensure  implementation 
of  the  mitigation  measures  identified  in  the  EIS.  The  environ¬ 
mental  specialists  insisted  that  the  Corps  issue  a  contract 
change  order  to  better  implement  the  erosion  control  measures. 
The  change  order  was  issued.  Fort  Polk  had  learned  that  iden¬ 
tifying  mitigating  actions  in  the  EIS  is  not  enough.  The  actions 
must  be  adopted,  incorporated,  and  monitored  by  the  construc¬ 
tion  agent. 

The  National  Environmental  Policy  Act  is  intended  to  incor¬ 
porate  environmental  impact  considerations  into  mission  plan¬ 
ning  and  decisionmaking.  This  goal  was  clearly  achieved  at  Fort 
Polk.  The  EIS  influenced  the  site  selected  for  the  MPRC  and 
identified  mitigating  measures  to  reduce  adverse  environmental 
impacts.  All  this  was  accomplished  without  slowing  down  the 
project  and  at  very  little  cost.  Fort  Polk  was  able  to  successfully 
balance  the  need  for  modernized  Army  training  with  the  need  to 
protect  the  environment  by  effectively  managing  and  using  the 
NEPA  process. 
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Influence  on  State  and 
Municipal  Governments 

The  National  Environmental  Policy  Act  recognizes  that  the  par¬ 
ticipation  of  state  and  local  governments  is  essential  to  achieve 
the  goal  of  a  high  quality  environment  for  all  citizens,  and  the 
act  encourages  cooperation  among  all  levels  of  governments^ 
While  NEPA  was  intended  primarily  to  shape  federal  decision¬ 
making,  its  sponsors  were  confident  that  "State,  local,  and 
private  action  [would]  also  be  favorably  influenced."’®  The  spon¬ 
sors  of  NEPA  also  believed  that  it  would  "provide  a  model  and  a 
demonstration  to  which  state  governments  may  look  in  their  ef¬ 
forts  to  reorganize  local  institutions  and  to  establish  local 
policies  conducive  to  sound  environmental  management."’*  The 
value  of  NEPA  as  a  model  for  state  governments  grew  out  of  the 
belief  that  "many  of  the  most  serious  environmental  problems. . . 
[were]  within  the  scope  and,  often,  within  exclusive  jurisdiction 
of  state  action  and  state  responsibility."’® 

As  expected,  a  number  of  states  implemented  a  system  of  en¬ 
vironmental  impact  assessment,  modeled  after  NEPA,  in  the 
early  and  mid-1970s.  Frequently  referred  to  as  "little  NEPAs," 
these  laws  vary  a  great  deal  in  respect  to  their  legal  basis,  ad¬ 
ministration,  and  requirements.  Nineteen  states,  the  District  of 
Columbia,  and  Puerto  Rico  have  enacted  "little  NEPAs"  by  sta¬ 
tute  or  executive  order.’® 

Some  states,  such  as  California,  New  York,  and  Washington, 
have  established  vigorous  environmental  impact  assessment 
(EIA)  systems,  supported  by  comprehensive  regulations  and  ac¬ 
tive  judicial  enforcement.”  In  states  with  such  systems,  state 
courts  often  cite  federal  case  law  as  guidance.  Other  states  have 
systems  that  apply  to  a  narrower  range  of  activities’®  and  that 
appear  to  be  less  d3niamic  in  their  relationship  to  state  decision¬ 
making. 

Recently,  there  appears  to  be  a  resurgence  of  interest  in 
state  "little  NEPAs."  In  1986  the  Montana  Environmental  Qual¬ 
ity  Council  held  a  conference  focusing  on  Montana’s  EIA  process. 
In  November  1987  CEQ  cosponsored  with  the  Environmental 


41 


Law  Section  of  the  New  York  State  Bar  Association  a  conference 
focusing  on  the  preparation  and  review  of  environmental  impact 
statements  at  both  the  state  and  federal  levels.  The  State  of 
Washington  undertook  a  mayor  revision  of  its  State  Environmen¬ 
tal  Protection  Act  in  1988,  and  in  1989  the  Council  of  the  District 
of  Columbia  passed  its  first  "little  NEPA"  law. 

Also  in  1989  the  governor  of  New  Jersey  revised  the  Execu¬ 
tive  Order  governing  the  New  Jersey  environmental  impact  as¬ 
sessment  process.  Meanwhile,  recent  California  case  law^^  has 
confirmed  the  continuing  viability  of  the  California  Environmen¬ 
tal  Quality  Act,  long  viewed  as  a  model  for  other  states.  This 
year,  the  states  of  Michigan  and  Maine  are  considering  the  es¬ 
tablishment  of  state  agencies,  similar  to  CEQ,  that  will  be  re¬ 
sponsible  for  the  states’  environmental  impact  assessment 
process. 

Several  municipalities  also  have  adopted  "little  NEPA"  pro¬ 
cedures.  For  example.  New  York  City  established  an  EIA  proce¬ 
dure  by  Executive  Order  in  1977  as  part  of  its  responsibilities 
under  New  York’s  State  Environmental  Quality  Act.®® 


A  Model  for  Other  Nations 


The  anjdytical  process  established  by  NEPA,  known  internation¬ 
ally  as  environmental  impact  assessment  (EIA),  is  a  model  for 
comparable  systems  worldwide.  While  most  EIA  systems  that 
are  in  place  today  can  trace  their  origins  to  NEPA,  many 
systems  have  not  incorporated  all  of  its  structural  and  proce¬ 
dural  features.  The  components  of  NEPA,  or  any  EIA  system,  in¬ 
clude  a  formalized  legal  framework  and  the  linking  of  EIA  to  the 
decisionmaking  process.®^  However,  one  particular  feature,  ex¬ 
ternal  review  of  the  environmental  process,®^  is  a  vital  part  of  the 
NEPA  process  in  this  country,  and  it  appears  to  be  critical  to  the 
viability  of  EIA  internationally. 
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Sovereign  States 


Following  the  passage  of  NEPA  in  1969,  several  other  nations  es¬ 
tablished  EIA  systems,  either  through  specific  legislation  as  in 
Colombia,  France,  and  Thailand,®®  or  through  Executive  or 
Cabinet  decrees  as  in  Canada  and  the  Netherlands.®^  The  lack  of 
a  formalized  legal  framework  in  some  countries  allowed  the  EIA 
system  to  be  eroded  when  government  agencies  refused  to 
cooperate.®®  Other  systems  experienced  problems  when  the 
government  decisionmaker  failed  to  actively  consider  the  EIA. 
Observers  of  EIA  in  both  Latin  America®®  and  Asia®^  point  out 
that  EIA  often  has  been  applied  too  late  in  the  planning  process 
to  be  effective,  and  that  an  earlier  incorporation  of  EIA  is  neces¬ 
sary. 

Certain  EIA  systems  that  did  set  up  external  review  proces¬ 
ses  were  effective,  in  spite  of  their  lack  of  legal  structure.  In  both 
the  Netherlands  and  Canada,  independent  review  panels  issue 
guidelines  for  the  preparation  of  EIA  documents  and  review 
them  once  they  have  been  prepared.®®  In  the  Netherlands,  the 
competent  authority  must  prepare  a  special  report  explaining 
the  decision  and  presenting  the  conclusions  drawn  from  the 
EIA.®®  While  the  early  EIA  systems  of  Canada  and  the  Nether¬ 
lands  differed  from  the  NEPA  process  in  terms  of  openness  and 
opportunities  for  public  participation,  the  provisions  for  external 
review  served  to  expose  the  environmental  process  of  each 
country  to  a  measure  of  scrutiny.  Such  external  review  has  been 
credited  for  the  durability  and  overall  effectiveness  of  both  sys¬ 
tems. 

In  the  1980s  EIA  systems  without  external  review 
mechanisms  tended  generally  to  falter.  In  Colombia  and 
Thailand,  EIA  systems  were  established  by  specific  legislative 
enactments  without  adequate  provisions  for  external  review.  For 
example,  under  section  18  of  Thailand’s  Improvement  and  Con¬ 
servation  of  National  Environmental  Quality  Act  of  1975,  a 
project  proponent  or  licensing  agency  must  consult  with  the  Na¬ 
tional  Environmental  Board,  but  may  actually  begin  projects  or 
licensing  activities  before  the  EIA  process  is  completed.  Further¬ 
more,  EIA  documentation  is  not  released  to  the  public,  and  inter¬ 
ested  persons  have  no  way  of  knowing  whether  or  not  the  EIA 
process  for  a  given  project  has  even  been  undertaken. 
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In  Colombia,  sections  27  and  28  of  the  Code  of  Renewable 
Natural  Resources  and  Protection  of  Environment  call  for 
preparation  of  EIA  documents  for  any  activity  likely  to  produce 
environmental  damage.  But  because  project  or  impact  criteria 
that  would  trigger  preparation  of  EIA  documentation  are  not  en¬ 
tirely  clear,  and  clarification  by  means  of  external  review  is 
generally  unavailable,  the  environmental  effects  of  most  public 
projects  are  not  evaluated.®® 

Without  external  review,  environmental  planning  by  govern¬ 
ment  agencies  can  be  subject  to  possible  abuse  and  mismanage¬ 
ment,  especially  in  times  of  social  and  economic  disorder. 
External  review  can  contribute  to  the  effectiveness  and  integrity 
of  EIA  processes  in  many  countries  where  government  agency 
oversight  is  currently  sparse  and  few  opportunities  exist  for 
public  participation  in  decisionmaking. 

External  review  has  contributed  not  only  to  the  widely  ac¬ 
claimed  effectiveness  of  the  EIA  systems  in  both  Canada  and  the 
Netherlands,  but  also  to  the  subsequent  improvement  of  those 
systems.  Canada,  for  example,  codified  its  EIA  system  in  1979 
and  subsequently  promulgated  specific  EIA  guidelines  that  in¬ 
clude  provision  for  a  much  more  open  review  process.®^  Under 
sections  20-32  of  Canada’s  EIA  guidelines,  an  independent  panel 
is  now  appointed  by  the  Minister  of  Environment  to  follow  the 
EIA  process  and  to  review  documentation  for  adequacy.®^  Per¬ 
haps  more  importantly,  the  general  public  is  given  access  to  all 
the  panel’s  information  during  the  course  of  review.  The  Nether¬ 
lands  codified  its  EIA  system  in  1986,  strengthening  both  public 
review  and  the  supervisory  role  of  the  EIA  Commission.®® 


International  Organizations 

In  recent  years,  many  nongovernmental  and  international  or¬ 
ganizations  have  shown  an  interest  in  developing  methods  to  in¬ 
tegrate  environmental  review  and  economic  planning.  In  1985, 
for  example,  the  Council  for  the  European  Community  (EC)  is¬ 
sued  a  directive  establishing  an  EIA  procedure  to  harmonize  ex¬ 
isting  legal  provisions  in  member  states.®^  The  directive 
establishes  minimum  EIA  requirements  regarding  the  type  of 
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projects  that  would  be  assessed,  the  principal  obligations  im¬ 
posed  on  project  proponents,  and  the  contents  of  assessments, 
^th  respect  to  the  issue  of  external  review,  article  6.2  of  the  EC 
directive  requires  that  "[mjember  states  shall  ensure  that . . .  the 
public  is  given  the  opportunity  to  express  an  opinion  before  the 
project  in  initiated." 

Many  observers  have  criticized  the  EC  initiative  for  simply 
formalizing  those  basic  provisions  for  project  assessment  that  al¬ 
ready  exist  in  most  member  states.*®  Further,  the  EC  directive 
does  not  require  the  EIA  process  for  program  or  policy  initia¬ 
tives,  but  instead  recognizes  the  more  popular  "category"  system 
that  allows  member  states  to  limit  the  application  of  EIA  to  a 
small  group  of  selected  projects.  The  fact  that  an  international 
organization  has  emphasized  the  EIA  process,  however,  and  has 
specifically  required  public  participation  certainly  raises  the 
profile  of  the  process  and  may  have  a  positive  effect  on  environ¬ 
mental  law  and  policy  in  member  states.  Indeed  many  EC 
countries  that  do  not  now  have  an  EIA  process  are  in  the  process 
of  drafting  legislation  that  would  establish  an  EIA  process  going 
far  beyond  the  EC  directive  and,  perhaps,  NEPA.*® 

Other  international  organizations  have  made  recommenda¬ 
tions  to  their  member  states  relative  to  establishment  of  EIA 
procedures.  Among  those,  the  Organization  for  Economic 
Cooperation  and  Development  (OECD),  the  U.N.  Environment 
Program  (UNEP),  and  the  Antarctic  Treaty  Consultative  Parties 
have  all  established  guidelines  for  EIAs  that  are  more  complete 
and  far-reaching  than  those  in  the  EC  directive.®’ 

The  organizations,  however,  with  the  greatest  potential 
today  to  influence  international  EIA  are  the  multilateral 
development  banks,  such  as  the  World  Bank.  In  1989  the  World 
Bank  issued  its  Operative  Directive,  which  provides  that  an  en¬ 
vironmental  assessment  is  "normally"  required  for  certain 
categories  of  projects.*®  The  procedures  set  out  in  the  Directive 
do  not  mandate  that  the  borrower  must  submit  an  EIA  docu¬ 
ment,  but  only  require  that  "[t]he  borrower  should  submit  the 
final  EA  report  to  the  Bank  prior  to  Bank  appraisal  [of  the 
project]."**  The  World  Bank  has  stated  that  it  is  the  borrower 
country’s  responsibility  to  prepare  the  document,  and  that  the 
bank  will  supervise  the  process.^*®  Certainly,  the  countries  plan¬ 
ning  and  carrying  out  development  programs  should  be  incor- 
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porating  EIAs  into  their  own  planning  procedures.  However,  the 
Directive  appears  to  lack  the  formality  and  mandatory  nature 
that  would  compel  borrower  countries  to  adopt  EIA  procedures. 

In  many  respects,  World  Bank  procedures,  like  the  EC 
Directive,  are  not  as  comprehensive  as  those  promulgated  by 
UNEP.  For  example,  the  World  Bank  Directive  does  not  express¬ 
ly  apply  to  sectoral  and  structural  adjustment  programs,  often 
the  Bank’s  most  important  activities.  Nor  do  those  procedures 
set  out  specific  requirements  for  external  review,  so  needed  in 
borrower  countries.^®^  Still,  the  EC  and  World  Bank  directives 
represent  first  steps  toward  establishing  effective,  efficient  EIA 
processes  to  help  reconcile  economic  growth  and  development 
with  maintenance  and  enhancement  of  environmental  quality  on 
a  global  scale. 
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September  5,  1984 


On  September  5,  1984,  a  helicopter  landed  on  a 
lake  in  the  Adirondack  Mountains.  A  man  and  a 
woman  with  electronic  equipment  and  sampling  gear 
emerged  from  the  helicopter,  took  measurements,  and 
fdled  several  bottles  with  water  from  the  lake.  The 
helicopter  then  flew  to  another  lake  in  the  Adirondacks 
where  the  scene  was  repeated. 

On  September  5,  1985,  two  hikers  carrying 
similar  equipment  backpacked  into  the  Wind  River 
Wilderness  Area  of  Wyoming.  Those  hikers  also  took 
measurements  and  water  samples  from  several  lakes  in 
the  area. 

Both  teams  were  part  of  a  national  effort  to  esti¬ 
mate  the  number  of  lakes  that  were  acidic  or  potentially 
sensitive  to  acidic  deposition  in  the  eastern  and  western 
United  States.  Scientists  from  the  Environmental 
Protection  Agency  sampled  lakes  and  streams  in  the 
eastern  United  States;  they  worked  jointly  with  scien¬ 
tists  from  the  Forest  Service  to  sample  lakes  in  the 
mountainous  West.  The  data  collected  by  these  teams 
became  part  of  a  landmark  environmental  study:  the 
National  Surface  Water  Survey.  That  study  was  signi¬ 
ficant  because  for  the  first  time  federal,  state,  and  local 
agencies  came  together  and  coordinated  their  efforts  to 
conduct  a  comprehensive  assessment  of  a  regionwide 
environmental  problem. 


CHAPTER  3 


Environmental 
Data  and  Trends 


Establishing  the  status  and  trends  in  environmental  quality 
hy  collecting  environmental  data  is  essential  for  formulat¬ 
ing,  implementing,  and  maintaining  a  successful  national  en¬ 
vironmental  policy.  Environmental  status  and  trends  data  help 
define  the  health  of  ecosystems  and  identify  the  specific  causes  of 
environmental  degradation.  They  help  legislators  to  write  effec¬ 
tive  environmental  laws,  and  they  assist  regulators  in  imple¬ 
menting  reasonable  environmental  regulations.  And  environ¬ 
mental  status  and  trends  data  support  the  nation’s  efforts  to 
determine  whether  its  environmental  laws  and  regulations  are 
doing  what  they  were  intended  to  do. 

One  measure  of  this  nation’s  progress  in  protecting  the  en¬ 
vironment  is  the  increased  emphasis  on  environmental  data  col¬ 
lection  now  compared  to  1970.  Over  the  past  20  years,  the 
United  States  has  made  significant  progress  in  this  area,  and  the 
nature  of  that  progress  suggests  that  environmental  data  will 
become  even  more  important  to  national  environmental  protec¬ 
tion  efforts  in  the  future. 
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Historical 

Perspective 


Over  the  past  two  decades,  advances  in  monitoring  techniques 
have  improved  methods  for  collecting  environmental  data  and 
defining  environmental  trends. 


Environmental  Data  and  Trends 
in  the  1970s 


Interagency  studies  like  the  National  Surface  Water  Survey  did 
not  exist  in  1970.  Instead,  environmental  data  were  collected  in¬ 
dependently  by  local,  state,  and  federal  agencies  to  meet  specific 
regulatory  compliance  needs.  Environmental  monitoring  pro¬ 
grams  t3q)ically  were  not  coordinated  among  agencies,  because 
data  collection  objectives  differed. 

For  example,  some  states  with  the  authority  to  regulate 
municipal  and  industrial  discharges  into  local  rivers  and 
streams  under  the  Clean  Water  Act^  would  locate  water  quality 
monitoring  stations  above  and  below  local  discharges  into 
streams.  A  state  game  and  fish  department  or  the  federal  Fish 
and  Wildlife  Service,  whose  mission  is  to  protect  fish  and 
wildlife,  would  collect  water-quality  and  aquatic-biology  data 
along  a  gradient  within  the  same  stream  to  assess  the  health  of 
the  fish  and  benthic  invertebrate  communities.  Yet  the  data 
often  were  not  comparable,  because  they  were  collected  at  dif¬ 
ferent  locations,  at  different  times  of  the  day  or  year,  using  dif¬ 
ferent  collection  methods,  or  with  different  quality  assurance 
procedures.  Thus  the  potential  value  of  the  data  was  much 
diminished. 

In  the  1970s  environmental  data  typically  were  collected  in 
response  to,  rather  than  in  anticipation  of,  environmental  prob- 
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lems.  For  example,  monitoring  the  condition  of  local  ecological 
resources  often  was  initiated  after  problems  became  obvious  to 
the  local  community  (for  instance,  after  accidental  releases  or 
spills  of  hazardous  chemicals,  extensive  fish  kills  in  local 
streams,  or  clearcutting).  Other  monitoring  programs  were  es¬ 
tablished  on  a  case-by-case  basis  to  answer  ongoing  concerns 
about  localized  environmental  problems,  such  as  those  within  a 
specific  stream  segment.  The  collection  of  data  generally  was 
limited  to  a  sin^e  environmental  medium  (such  as  water  or 
land)  and  was  intended  to  assess  the  impacts  of  specific  chemi¬ 
cals  (such  as  pesticides,  oil,  or  toxics)  or  human  activities  (such 
as  strip  mining  or  highway  construction)  on  a  particular  biologi¬ 
cal  species.  Because  many  of  the  monitoring  programs  were  dis¬ 
continued  once  the  problems  were  corrected  or  protection 
measures  implemented,  the  length  of  time  over  which  the  meas¬ 
urements  were  taken  often  was  short  and  fragmented.  Further¬ 
more,  it  was  not  possible  to  determine  if  the  problem  was 
corrected  once  monitoring  was  discontinued. 

The  short-term,  localized,  single-agency,  "responsive"  ap¬ 
proach  to  data  collection  in  the  1970s  left  the  nation  with  little 
useful  information  with  which  to  assess  the  overall  condition  of 
the  environment  or  to  detect  long-term  trends  in  environmental 
quality.  Further,  those  approaches  were  of  little  help  in  evaluat¬ 
ing  the  effectiveness  of  long-term  pollution  control  activities. 

Water  quality  monitoring  in  the  Great  Lakes  exemplifies 
how  environmental  monitoring  in  the  1970s  sometimes  limited 
the  assessment  of  environmental  quality  and  misjudged  the 
causes  of  environmental  decline.  During  the  1960s  the  discharge 
of  sewage  and  other  industrial  wastes  into  Lake  Erie  reduced  the 
levels  of  dissolved  oxygen  essential  for  the  survival  of  fish,  ben- 
thics,  and  phytoplankton.  Decreased  levels  of  dissolved  oxygen 
were  compounded  by  the  proliferation  of  blue-green  algae  in  the 
surface  water,  which  created  surface  scums  and  taste  and  odor 
problems  in  the  water.  Further  losses  of  key  benthic  and 
planktonic  species — a  food  supply  for  many  fish  species — oc¬ 
curred.  Populations  of  game  fish  dropped  sharply  because  of  the 
loss  of  their  food  supply  and  the  introduction  and  proliferation  of 
pest  fish  species  such  as  the  sea  lamprey.  The  public  began  to 
voice  concern  over  the  "death"  of  Lake  Erie. 
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Monitoring  programs  established  by  local  and  state  agencies 
collected  water  samples  from  areas  around  the  discharge  pipes  of 
industrial  and  wastewater  facilities.  Other  agencies  collected 
biological  data  from  random  locations  within  the  lake.  Water 
quality  monitoring  focused  on  the  pollution  effects  from  point 
sources  (that  is,  discharges  from  individual  municipal  sewage 
treatment  plants  and  industrial  facilities)  and  missed  important 
contributions  from  nonpoint  source  pollution,  specifically  from 
agricultural  runoff  high  in  nitrates  and  phosphates.  It  was  not 
until  data  were  collected  from  both  point  and  nonpoint  sources 
within  the  Lake  Erie  watershed  in  the  late  1970s  that  ecosys¬ 
tem-wide  or  landscape  approaches  to  pollution  control  began  to 
be  developed.  (For  a  more  complete  discussion  of  historical  chan¬ 
ges  in  water  quality  in  the  Great  Lakes,  see  Chapter  8  of  this 
report.) 

Changes  in  Environmental 
Monitoring 

As  the  1970s  came  to  an  end,  the  nation  began  to  change  its  per¬ 
ception  of  the  value  of  environmental  data  and  the  way  such 
data  should  be  collected.  For  example,  in  1977  the  National  Re¬ 
search  Council  identified  the  lack  of  statistical  rigor  in  the 
design  and  analysis  of  most  environmental  monitoring  net¬ 
works.*  Coordination  and  cooperation  among  federal  agencies 
were  recommended  to  improve  the  accuracy  and  usefulness  of 
environmental  status  and  trends  data.  In  1980  the  Council  on 
Environmental  Quality  (CEQ)  noted  the  extensive  duplication  of 
agency  efforts  and  the  lack  of  an  agency  with  a  national  perspec¬ 
tive.*  CEQ  recommended  better  interagency  coordination  and 
cooperation  and  improved  quality  assurance  practices.  And  in 
1981  the  General  Accounting  Office  identified  the  dichotomy  be¬ 
tween  the  information  collected  in  most  monitoring  networks 
and  the  information  required  for  decisionmaking.^ 

Those  changing  perceptions  and  the  subsequent  changes  in 
monitoring  programs  have  improved  the  nation’s  ability  to  as- 
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sess  the  condition  of  the  environment  and  identify  trends  in  en¬ 
vironmental  quality. 

First,  the  nation  became  more  aware  that  the  quality  of  the 
environment  cannot  be  described  meaningfully  using  trend  data 
related  to  a  single  species  or  a  single  environmental  medium. 
Rather,  the  environment  consists  of  complex  interactions  among 
multiple  species  and  multiple  media  occurring  over  large 
geographical  areas.  For  example,  air  pollution  not  only  can  cause 
the  decline  and  death  of  particular  species  of  trees  within  a 
forest  ecosystem,  but  it  also  can  affect  a  multitude  of  animal 
species  that  rely  on  those  trees  for  food  and  shelter.  Additionally, 
more  subtle  changes,  such  as  an  increase  in  temperature  and 
moisture  on  the  forest  floor  and  rapid  leaching  of  nutrients  from 
the  soil,  could  have  far-reaching  impacts  on  the  stability  and 
quality  of  the  forest  ecosystem. 

Second,  although  the  ecosystem  concept  had  been  under¬ 
stood  for  many  years,  it  was  not  until  the  1970s  that  ecosystems 
like  lakes,  streams,  forests,  wetlands,  and  oceans  were  recog¬ 
nized  as  the  basic  functional  units  of  the  environment.  Thus,  the 
critical  need  for  environmental  monitoring  programs  that  would 
collect  consistent,  comparable,  quality-assured  data  at  the 
ecosystem  level  also  was  recognized. 

This  emphasis  on  the  ecosystem  as  a  whole  was  a  driving 
force  in  the  changes  that  took  place  in  environmental  monitoring 
during  the  1980s.  Ecosystems  include  both  living  org2misms 
(plants,  animals,  microorganisms)  and  a  nonliving  environment 
(water,  air,  soil)  that  are  inseparably  interrelated  and  interac¬ 
tive.  Furthermore,  ecosystems  do  not  exist  or  function  in  isola¬ 
tion;  the  range  of  ecosystem  types  found  in  the  United  States  are 
closely  interrelated.  Changes  occurring  in  one  ecosystem  result 
in  changes  in  other  ecosystems.  For  example,  the  widespread  ap¬ 
plication  of  fertilizers,  herbicides,  and  pesticides  in  agricultural 
ecosystems  can  alter  water  chemistry  emd  biology  in  stream, 
river,  and  lake  ecosystems  hundreds  of  miles  away.  Therefore,  an 
adequate  assessment  of  the  status  and  trends  in  environmental 
quality  requires  monitoring  networks  and  data  collection  over 
multiple  ecosystems  and  on  a  regional  scale. 

Because  changes  within  ecosystems  and  the  consequent  ef¬ 
fects  on  ac^acent  ecosystems  can  happen  very  slowly,  they  are 
often  subtle  and  difficult  to  detect.  For  example,  studies  of  the 


recovery  of  clearcut  forests  revealed  that  20  years  was  perhaps 
1/20  of  the  time  needed  by  some  forests  to  reach  a  mature  condi¬ 
tion.® 

Detecting  environmental  trends  that  result  from  natural  or 
man-induced  ecosystem  changes  requires  the  continuous  collec¬ 
tion  of  a  consistent  set  of  environmental  data  over  a  long  period  of 
time — from  years  to  decades.  Although  some  human  activities, 
such  as  clearcutting,  channelization,  or  wetland  drainage,  have 
very  obvious  effects  on  ecosystems,  long-term  environmental 
monitoring  is  necessary  to  detect  long-term  trends  that  result 
from  cumulative  impacts.  For  example,  toxic  substances  can  ac¬ 
cumulate  in  stream  sediments,  and  salts  can  build  up  in  soils  be¬ 
cause  of  continuous  evaporation  in  irrigated  agricultural  fields. 

While  short-term  data  may  be  useful  to  describe  short-term 
impacts,  environmental  trends  revealed  through  monitoring 
programs  of  2-5  years  provide  a  very  different  picture  of  overall 
trends  within  an  ecosystem  than  monitoring  conducted  over  a 
period  of  20-30  or  more  years.  For  example,  growth  trends  in 
spruce  and  pine  forests  in  southern  Sweden  over  a  65-year  period 
clearly  indicate  a  decrease  in  annual  tree  ring  width.  However, 
data  collected  between  1960  and  1970  suggest  an  increase  in  an¬ 
nual  tree  ring  width.®  Thus  short-term  data  would  lead  to  very 
different  conclusions  regarding  overall  forest  growth  than  those 
drawn  from  65  years  of  data  collection  (Figure  3-1). 

Because  an  ecosystem  is  comprised  of  many  biological  or¬ 
ganisms,  nonliving  substances,  and  the  complex  interactions 
among  them,  it  is  unlikely  that  any  single  organization — ^public 
or  private — ^would  have  the  expertise  or  the  financial  resources  to 
monitor  it  adequately.  Thus  assessing  status  and  trends  in  whole 
ecosystems  often  requires  the  cooperation  of  local,  state,  and 
federal  agencies.  Multiagency  cooperation  also  is  valuable  for 
minimizing  the  duplication  of  data  collection  efforts  and  ensuring 
effective,  efficient  data  collection,  the  use  of  similar  data  collec¬ 
tion  methods,  and  consistent  data  quality,  so  that  data  can  be 
compared  over  time  and  space. 
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Figure  3*1 . — Comparisons  of  Forest-Growth  Trends  in  Southern 
Sweden,  1910-1974. 

Annual  Tree-Ring  Width  (millimeters) 


Source:  Swedish  Ministry  of  Agricuiture,  Environment  *82  Committee,  Acidification 
Today  and  Tomorrow,  SMA,  Stockholm  (1982). 


The  ability  to  anticipate  future  changes  in  environmental 
quality  is  an  essential  component  of  this  country’s  environmental 
policy.  If  emerging  problems  and  future  changes  in  the  condition 
of  the  environment  can  be  projected  from  environmental  trends, 
then  long-term  national  efforts  to  protect  the  environment  will  be 
much  more  effective  and  less  costly  to  implement. 
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Environmental 
Data  and  Trends 
Today 

Recognizing  the  need  for  adequate  monitoring  programs  that 
would  identify  and  detect  long-term  environmental  trends 
within  ecosystems  and  on  regional,  national,  and  global  scales, 
the  U.S.  government  improved  its  monitoring  efforts  during  the 
1980s.  These  improvements  are  illustrated  by  the  monitoring 
programs  and  networks  described  in  the  remainder  of  this  chap¬ 
ter. 

One  example  of  the  progress  made  during  the  1980s  is  the 
National  Acid  Precipitation  Assessment  Program  (NAPAP),  a 
comprehensive,  large-scale,  multiagency  monitoring  program  es¬ 
tablished  to  monitor  and  study  a  specific  type  of  environmental 
problem — acid  rain.  Because  this  program  integrated  the  exper¬ 
tise  and  unique  capabilities  of  many  agencies,  it  was  capable  of 
managing  and  maintaining  long-term  monitoring  networks  to 
detect  trends  in  environmental  conditions  within  several  ecosys¬ 
tems  and  over  regional  scales. 

Moreover,  during  the  1980s  several  different  federal  agen¬ 
cies  developed  new  monitoring  programs,  or  improved  existing 
ones,  to  collect  environmental  data  on  regional  and  national 
scales.  In  many  cases  those  programs  involved  cooperation  and 
coordination  with  other  federal  agencies. 

Finally,  a  fully  integrated,  multiagency  effort  has  been  es¬ 
tablished  to  coordinate  U.S.  global  monitoring  and  data  collec¬ 
tion  and  to  cooperate  with  international  global  monitoring  pro¬ 
grams.  The  U.S.  Global  Change  Research  Program  demonstrates 
the  nation’s  commitment  to  the  long-term  data  collection  needed 
to  identify  and  detect  global  environmental  trends.  That  pro¬ 
gram  will  help  generate  the  scientific  information  needed  to  for¬ 
mulate  national  and  international  policies  to  protect  the 
nation’s — and  the  globe’s — ^resources  for  future  generations. 
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National  Acid  Precipitation 
Assessment  Program 

The  acid  rain  problem  illustrates  how  this  nation’s  approach  to 
the  collection  of  environmental  data  and  identification  of  en¬ 
vironmental  trends  changed  in  the  1980s  from  local  to  regional 
and  national  scales  and  from  short-term  to  long-term  time 
frames.  It  also  demonstrates  the  change  from  a  single  agency  to 
an  interagency  approach  to  data  collection. 

Acid  rain,  more  properly  referred  to  as  acidic  deposition,  is 
formed  when  sulfur  and  nitrogen  compounds  are  released  into 
the  atmosphere,  usually  through  the  combustion  of  fossil  fuels. 
In  the  atmosphere,  these  compounds  are  converted  to  sulfuric 
and  nitric  acids,  which  can  be  transported  hundreds  of  miles 
before  they  return  to  the  ground  as  acid  rain  or  as  dry  acidic  par¬ 
ticles.  Lakes  and  streams,  forests,  fish  and  wildlife,  monuments 
and  buildings,  and  human  health  all  can  be  affected  by  the 
deposition  of  acids  from  the  atmosphere. 

In  the  early  to  mid-1970s,  acid  rain  and  its  potential  en¬ 
vironmental  effects  attracted  the  attention  of  the  nation.  While 
some  lakes  and  streams  were  acidified  and  some  forest  damage 
was  apparent,  very  few  long-term  data  were  available  to  test  the 
hypothesis  that  surface  water  acidification  or  changes  in  forests 
over  time  were  a  result  of  acidic  deposition. 

Therefore,  in  1978  the  National  Acid  Deposition  Program 
was  established.  It  was  a  volunteer  effort  by  universities  and 
other  groups  to  obtain  long-term  data  on  acidic  deposition  in 
ecosystems  ranging  from  lakes  and  streams  to  forests  and 
agricultural  fields.  Such  long-term  measurements  were  deemed 
critical,  because  ecosystem  acidification  as  a  result  of  acidic 
deposition  occurs  over  decades.  Long-term  measurements  were 
also  needed  to  identify  long-term  environmental  trends  and  to 
distinguish  between  natural  short-term  variability  and  trends  in 
environmental  conditions  caused  by  human  activities.  For  ex¬ 
ample,  the  natural  variability  in  precipitation  chemistry  data 
collected  in  an  experimental  forest  in  New  Hampshire  (Fig¬ 
ure  3-2)  indicated  an  increase  in  sulfate  and  nitrate  concentra¬ 
tions  from  1970-1975.’  The  long-term  trend  over  the  15  years  of 


Figure  3-2. — ^Annual  Volume*Welghted  Concentrations  of  Hydrogen 
ion,  Ammonium,  Nitrate,  Suifate,  and  Chioride  in  Buik 
Precipitation  and  Totai  Precipitation  for  the  Hubbard 
Brook  Experimentai  Forest  in  New  Hampshire, 
1964-1981. 


Year 


Source:  Likens,  G.E.,  "A  priority  for  ecological  research,*  Bull.  Ecol.  Soc.  Amer. 
(1983),  64(4):234-243. 

Note:  Dashed  regression  lines  are  significant  at  P  <  0.05. 
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monitoring,  however,  clearly  indicated  a  decrease  in  sulfate  and 
nitrate  concentrations  in  precipitation.  Therefore,  the  short¬ 
term,  5-year  data  would  have  led  to  very  different  conclusions 
regarding  the  rates  of  acidic  deposition  than  the  long-term  data. 

By  the  late  1970s  scientists  had  raised  concerns  about  the 
effects  of  acidic  deposition  on  the  environment  based  on  anecdo¬ 
tal  studies  and  theoretical  predictions.  For  example,  the  Nation¬ 
al  Academy  of  Sciences  indicated  that,  at  then-current  rates  of 
sulfur  and  nitrogen  emissions,  the  number  of  lakes  affected  by 
acidic  deposition  could  double  by  1990.®  That  concern  over  the 
adverse  environmental,  health,  and  welfare  effects  of  acid 
deposition  prompted  Congress  to  pass  the  Acid  Precipitation  Act 
of  1980.®  Because  of  concern  over  the  potential  impacts  of  acid 
rain.  Congress  required  research  on  the  sources,  fate,  transport, 
and  effects  of  acidic  deposition,  as  well  as  economic  assessments 
of  those  effects  and  alternative  technologies  to  control  or  remedy 
any  harmful  effects. 

Congress  also  recognized  that  acid  rain  was  a  regional  prob¬ 
lem  that  could  affect  many  types  of  natural  ecosystems  and  man¬ 
made  resources.  Evaluating  the  cumulative  or  long-term  effects 
of  acidic  deposition  on  the  environment  would  require  a  range  of 
expertise  only  available  through  a  coordinated  interagency  moni¬ 
toring  and  assessment  program  conducted  over  an  extended 
period  of  time. 

Consequently,  an  Interagency  Task  Force  consisting  of  rep¬ 
resentatives  from  11  federal  agencies,  representatives  of  4  na¬ 
tional  laboratories,  and  3  presidential  appointees  with  a  range  of 
expertise  in  the  biological,  chemical,  physical,  health,  political, 
and  social  sciences  was  formed  to  address  the  acid  rain  problem. 
This  task  force  guided  the  development  of  NAPAP,  a  comprehen¬ 
sive,  10-year  research  program  to  assess  the  long-term  effects  of 
acidic  deposition  on  all  ecosystems  and  in  all  environmental 
media.^® 

The  creation  of  NAPAP  was  a  significant  step  in  the  evolu¬ 
tion  of  this  country’s  environmental  policy.  For  the  first  time  the 
expertise  of  many  federal,  state,  and  local  agencies  was  linked 
together  in  a  long-term,  cooperative  research  program.  NAPAP 
also  established  comprehensive  regional  monitoring  networks 
and  a  framework  through  which  data  could  be  brought  together, 
synthesized,  and  integrated  to  define  regional  environmental 
trends  as  a  result  of  acid  rain. 
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Aquatic  Effects 

Although  acid  rain  affects  many  ecosystems,  particular  concern 
was  voiced  about  its  effects  on  lakes  and  streams  in  the  United 
States.  Much  of  the  information  to  support  this  concern,  how¬ 
ever,  was  anecdotal;  it  originated  from  studies  of  a  few  lakes  or 
streams.  No  regional  estimates  of  the  number  of  lakes  or  streams 
that  were  acidic  or  that  were  sensitive  to  acidic  deposition  were 
available.  Therefore,  in  1983  the  NAPAP  Aquatics  Effects  Task 
Group  designed  and  conducted  a  quantitative  National  Surface 
Water  Survey  (NSWS)  to  answer  two  questions: 

*  How  many  lakes  and  streams  are  currently  acidic?  and 

•  How  many  systems  might  be  potentially  sensitive  to 
acidic  deposition? 

The  NSWS  focused  on  eight  geographic  regions  of  the  United 
States  that  were  considered  susceptible  to  acidic  deposition 
(Figure  3-3).  The  survey  found  acidic  lakes  and  streams  in  some 
of  those  regions  (Table  3-1),  although  some  of  them  were  natural¬ 
ly  acidic  or  acidic  for  reasons  other  than  acidic  deposition.  In  ad¬ 
dition,  the  acidic  and  low  pH  systems  (pH  <  5.5)  were  located  in 
limited  geographic  areas,  and  within  those  areas  they  were 
generally  restricted  even  further  (such  as  the  mid-Atlantic  coas¬ 
tal  plain,  the  New  England  seaboard  lowlands,  the  southwest 
Adirondacks,  and  the  northern  Florida  highlands  (see  Figure 
3-4). 

Alter  developing  reliable  estimates  of  the  number  of  acidic 
ecosystems  in  selected  regions,  the  task  group  asked  how  many 
more  aquatic  ecosystems  might  become  acidic  in  the  future. 
Watershed  modeling  studies  were  conducted  to  provide  es¬ 
timates  of  the  time  over  which  future  changes  might  occur.  Those 
studies  compared  the  effects  of  different  rates  of  acidic  deposi¬ 
tion  that  might  be  associated  with  various  pollution  control 
programs  and  regulations  on  aquatic  ecosystems.  Thus  for  the 
first  time  regionally  based  watershed  models  were  used  to 
project  changes  that  might  occur  in  the  future. 

In  the  Northeast,  the  models  projected  little  change  in  the 
number  of  acidic  lakes  over  the  next  50  years  under  current 
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acidic  deposition  rates.  When  the  rate  of  acidic  deposition  was 
decreased  below  current  deposition  rates,  the  models  projected 
an  improvement  in  lake  water  quality  and  a  decrease  in  the 
number  of  acidic  lakes.  In  the  Southeast,  specifically  in  the 
Southern  Blue  Ridge  Province,  a  portion  of  the  Blue  Ridge  Moun¬ 
tains  where  no  acidic  streams  have  been  found,  model  projec¬ 
tions  indicated  that  approximately  10  percent  of  the  streams  in 
this  region  might  become  acidic  in  50  years  under  current 
deposition  rates.^^ 

Together  the  NSWS  and  the  watershed  modeling  studies 
fostered  a  quantitative  regional  perspective  of  the  acid  rain  prob¬ 
lem  and  provided  the  information  needed  to  estimate  the 
regional  effects  of  acid  rain  on  aquatic  ecosystems.  Those  es¬ 
timates  resulted  from  coordinated,  collective  research  conducted 
by  EPA,  the  Forest  Service,  the  National  Park  Service,  the  U.S. 
Geological  Survey,  the  Fish  and  Wildlife  Service,  and  the  Ten¬ 
nessee  Valley  Authority. 

Ten  years  of  data  now  have  been  collected  at  over  50  lakes 
and  streams  within  the  United  States.  NAPAP  currently  is  in¬ 
tegrating  those  data  with  data  on  emissions,  atmospheric 
transport,  forests,  agriculture,  materials,  visibility,  human 
health,  and  control  technologies  to  assess  the  economic  and  en¬ 
vironmental  effects  of  acidic  deposition.  That  information  also  is 
being  used  to  develop  amendments  to  the  Clean  Air  Act. 

As  NAPAP  draws  to  a  close,  federal  agencies  are  recognizing 
the  importance  of  maintaining  the  long-term  monitoring  stations 
established  under  NAPAP.  Those  monitoring  stations  will  be 
used  to  assess  the  effectiveness  of  emissions  controls  that  might 
be  implemented  through  Clean  Air  Act  amendments  and  to 
determine  if  environmental  conditions  are  deteriorating,  improv¬ 
ing,  or  remaining  the  same. 


Lessons  Learned 

The  value  of  NAPAP  extends  beyond  what  it  learned  about  the 
causes  and  effects  of  acid  rain.  In  fact,  many  of  the  lessons 
learned  from  NAPAP  can  be  applied  to  other  monitoring 
programs  carried  out  in  the  1990s  and  beyond. 
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First,  the  cooperation  of  different  federal  agencies  with 
monitoring  responsibilities  is  critical,  because  the  range  of  ex¬ 
pertise  needed  to  study  large-scale  environmental  problems  can¬ 
not  be  found  in  any  single  federal  agency.  Second,  statistically 
designed  regional  and  national  monitoring  networks  and  surveys 
help  put  large-scale,  ecosystem-wide  environmental  problems  in 
perspective.  Third,  predictive  techniques  can  be  developed,  ap¬ 
plied  to  regional  problems,  and  used  to  assess  different 
regulatory  or  control  strategies.  Fourth,  monitoring  networks 
that  continuously  collect  ecosystem  data  nationwide  and  over  a 
long  period  of  time  are  critical  for  obtaining  a  clear  picture  of  the 
status  and  trends  in  environmental  quality.  Finally,  periodic 
checks  of  program  progress  are  necessary  to  make  mid-course 
changes  and  maintain  program  focus. 


National  Environmental 
Monitoring 

Federal  agencies.  Congress,  and  private  environmental  or¬ 
ganizations,  such  as  The  Conservation  Foundation,  the  National 
Wildlife  Federation,  and  the  Environmental  Defense  Fund,  have 
long  recognized  the  need  to  improve  the  nation’s  ability  to  docu¬ 
ment  the  condition  of  the  environment.  Congressional  hearings 
in  1984  on  the  National  Environmental  Monitoring  Improve¬ 
ment  Act^^  concluded  that,  although  considerable  money  has 
been  spent  on  environmental  monitoring,  federal  agencies  could 
not  assess  the  status  of  ecological  resources  or  the  nation’s  over¬ 
all  progress  in  mitigating  or  preventing  adverse  ecological  ef¬ 
fects.  In  the  past  decade,  articles  and  editorials  in  professional 
journals  of  the  environmental  sciences,  including  the  Bulletin  of 
the  Ecological  Society  of  America,  Ecology,  Limnology  and 
Oceanography,  Nature,  Science,  Scientific  American,  and  Water, 
Air  and  Soil  Pollution,  have  called  repeatedly  for  the  collection  of 
more  relevant  and  comparable  ecological  data  and  easier  access 
to  such  data  by  the  public,  special  interest  groups,  and  the  re¬ 
search  community. 
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Over  the  past  decade,  many  of  these  criticisms  have  been  ad¬ 
dressed  through  the  establishment  of  new  monitoring  programs 
or  the  improvement  of  existing  monitoring  programs.  These  im¬ 
provements  or  additions,  in  many  instances,  were  the  result  of 
interagency  coordination  and  cooperation,  including  joint  opera¬ 
tions  of  monitoring  stations  and  databases.  The  following  discus¬ 
sion  of  interagency  monitoring  networks  is  not  intended  to  be 
comprehensive.  Rather,  it  illustrates  recent  progress  in  the  col¬ 
lection  of  relevant  and  comparable  data  by  coordinated  federal 
agency  efforts. 


National  Acid  Deposition 
Program/National  Trends  Network 

The  National  Acid  Deposition  Program  (NADP)  monitoring  net¬ 
work  began  operation  in  1978.  In  1983  the  NADP  network  was 
incorporated  into  the  National  TVends  Network  (NTN)  to  form 
the  NADP/NTN  network.  This  network  currently  consists  of  ap¬ 
proximately  200  wet  and  dry  deposition  monitoring  stations  lo¬ 
cated  throughout  the  United  States,  but  with  a  larger  concen¬ 
tration  of  stations  east  of  the  Mississippi  River.  The  coverage, 
however,  is  limited  at  high  elevations. 

The  NTN  stations  are  funded  by  seven  federal  agencies  (the 
Bureau  of  Land  Management,  EPA,  NASA,  the  National  Park 
Service,  the  Forest  Service,  the  U.S.  (jeological  Survey,  and  the 
U.S.  Ck)operative  State  Research  Service)  as  well  as  by  several 
non-federal  entities.  The  quality  assurance  activities  are  funded 
by  EPA.  The  primeiry  objective  of  the  network  is  to  determine  the 
spatial  distribution  and  temporal  trends  in  wet  deposition  of 
chemicals  in  order  to  assess  the  effects  on  terrestrial  and  aquatic 
ecosystems.  Of  the  200  existing  stations,  150  are  NADP/NTN 
stations  and  50  are  NADP-only  stations.  Samples  are  collected 
weekly  and  analyzed  for  pH,  conductivity,  and  various  cations 
and  anions.  Data  are  stored  at  Colorado  State  University  and  in 
the  Acid  Deposition  System  at  Pacific  Northwest  Laboratory. 
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Interagency  Monitoring  of  Protected 
Visual  Environments 

The  Interagency  Monitoring  of  Protected  "^sual  Environments 
(IMPROVE)  is  a  visibility  monitoring  program  managed  coopera¬ 
tively  by  EPA,  the  National  Park  Service,  the  Fish  and  Wildlife 
Service,  the  Bureau  of  Land  Management,  and  the  Forest  Ser¬ 
vice.  This  network,  currently  consisting  of  20  monitoring  sites  lo¬ 
cated  primarily  in  the  western  United  States,  is  intended  to 
assess  long-term  trends  in  visual  and  aerosol  air  quality.  Data  is 
summarized  by  site  on  a  quarterly  basis. 

In  addition,  the  National  Park  Service  (NPS)  presently 
monitors  visibility  in  37  other  NPS  areas.  Sixteen  of  these  areas 
have  IMPROVE-t3q)e  instrumentation  and  follow  IMPROVE  pro¬ 
tocols.  The  remaining  21  stations,  known  as  the  NPS  National 
Visibility  Trend  Monitoring  Network,  monitor  visibility  photo¬ 
graphically. 


National  Stream  Quality  Accounting 
Network 

The  Department  of  the  Interior  operates  and  maintains  several 
water  quality  monitoring  networks.  For  example,  the  U.S. 
Geological  Survey  maintains  a  comprehensive,  nationwide  sys¬ 
tem  of  stream-gaging  stations,  groimdwater  observation  wells, 
and  surface  and  groundwater  quality  sampling  stations. 

That  system,  the  National  Stream  Quality  Accounting  Net¬ 
work  (NASQAN),  is  an  excellent  example  of  recent  improve¬ 
ments  and  modifications  in  environmental  monitoring  networks. 
Started  in  1973  with  50  stations,  it  currently  includes  approx¬ 
imately  400  stations.  The  primary  objectives  of  the  network  are 
(1)  to  describe  regional  and  national  variability  in  stream  flow 
and  quality  on  an  annual  basis,  and  (2)  to  account  for  changes  in 
stream  flow  and  quality.  To  accomplish  these  objectives,  all  sta¬ 
tions  are  operated  uniformly  with  respect  to  measiirement 
parameters,  methods,  and  quality  assurance.  The  NASQAN  net¬ 
work  recently  was  reviewed  and  revised  to  improve  network  ef¬ 
ficiency. 
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National  Water  Quality  Assessment 
Program 

In  1986  the  U.S.  Geological  Survey  was  charged  with  testing  and 
refining  a  National  Water  Quality  Assessment  (NAWQA)  Pro¬ 
gram.  Although  the  NAWQA  program  focuses  on  one  primary 
element  of  the  environment — water — it  also  is  designed  to  study 
the  interrelationships  of  water  quality  with  the  health  of  living 
resources  that  depend  on  water  for  survival.  The  program  in¬ 
cludes  biological  as  well  as  physical  and  chemical  sampling  and 
analysis.  In  1989  the  National  Academy  of  Sciences  pointed  out 
the  need  for  such  a  long-term,  large-scale  national  assessment, 
because  "human  and  environmental  health  are  inextricably 
linked  to  our  nation’s  water  quality."^® 

The  purpose  of  NAWQA  is  to  describe  the  current  status  and 
long-term  trends  in  the  quality  of  the  nation’s  surface  and 
groundwater  resources,  and  to  provide  a  sound  scientific  under¬ 
standing  of  the  primary  natural  and  human  factors  that  affect 
the  quality  of  these  resoimces.  The  program  will  focus  on  water 
quality  conditions  that  are  large-scale  and  persistent  over  time, 
such  as  regional  degradation  of  water  quality  from  nonpoint 
sources.  Water  quality  data  will  be  available  to  water  system 
managers,  government  officials,  and  the  public  to  help  evaluate 
the  effectiveness  of  water  quality  management  programs  and 
predict  the  likely  effects  of  proposed  changes  in  land  and  water 
management  practices. 

Several  federal  agencies,  including  EPA,  USDA,  and  NOAA, 
have  been  involved  during  the  planning  of  NAWQA.  Local  liaison 
committees,  including  representatives  of  federal,  state,  and  local 
agencies,  have  participated  in  seven  pilot  projects  selected  to 
represent  a  diversity  of  hydrologic  environments  and  water 
quality  conditions  across  the  country. 

NAWQA  has  been  designed  as  an  operational  assessment 
program.  Therefore,  in  addition  to  the  water  quality  data  to  be 
collected,  several  types  of  reports  and  assessments  are  planned. 
Annual  reports  will  discuss  water  quality  issues  related  to  the 
regional  and  national  findings  of  the  monitoring  program.  Sum¬ 
maries  of  water  quality  status  and  trends  and  key  findings  will  be 
published  and  updated  every  3-5  years. 
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National  Wetlands  Inventory  Project 

Throughout  the  1970s  and  1980s  the  federal  Fish  and  Wildlife 
Service  (FWS)  has  revised  its  procedures  for  monitoring  the  loss 
of  wetlands  throughout  the  United  States.  The  first  nationwide 
survey  of  wetlands,  conducted  in  1954,  focused  on  waterfowl  wet¬ 
lands.  That  survey  covered  about  40  percent  of  the  continental 
United  States.  In  1974  the  FWS  was  directed  to  design  and  con¬ 
duct  an  inventory  of  the  nation’s  wetlands  and  develop  and  dis¬ 
seminate  a  technically  sound,  comprehensive  database  on  their 
characteristics  and  extent.  By  1979  the  National  Wetlands  In¬ 
ventory  Project  (NWI)  became  operational.  In  1982  the  survey 
was  completed  for  the  continental  United  States.  This  survey  es¬ 
timated  that  from  1954  to  1974  the  average  annual  rate  of  loss 
for  the  20-year  period  was  about  half  a  million  acres  of  wetlands. 
Eighty-seven  percent  of  the  loss  was  due  to  agricultural  conver- 
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Sion. 

Updated  status  and  trends  information  on  wetlands  was 
mandated  by  the  Emergency  Wetlands  Resources  Act  of  1986. 
The  NWI  is  currently  in  the  process  of  updating  the  national 
status  and  trends  study  from  the  mid-1970s  to  the  mid-1980s. 
The  FWS  is  working  with  the  Soil  Conservation  Service,  the 
Army  Corps  of  Engineers,  EPA,  state  agencies,  and  private  or¬ 
ganizations  to  obtain  status  and  trends  data  for  NWI  reports.  The 
FWS  will  coordinate  and  integrate  the  NWI  data  with  the  EPA 
Environmental  Monitoring  and  Assessment  Program  (EMAP). 
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Forest  Inventory  and  Analysis/Forest 
Health  Monitoring  System 

The  Forest  Service  has  conducted  eco^stem  studies  and 
monitoring  for  over  75  years.  Currently,  138  Experimental 
Forests  and  Watersheds,  including  Hubbard  Brook,  Coweta,  and 
H.  J.  Andrews,  are  maintained  by  Forest  Service  Research.  In  ad¬ 
dition,  the  Forest  Service  has  managed  a  Forest  Inventory  and 
Analysis  (FIA)  system  since  the  1930s,  but  in  the  past  it  em¬ 
phasized  data  related  to  timber  production.  Over  100,000  FIA 
plots  are  maintained  nationwide. 

In  1974  the  FIA  was  expanded  to  provide  information  on 
water,  wildlife  habitat,  and  recreation  in  forests,  rangelands, 
and  related  ecosystems.  Moreover,  the  Forest  Service  recently 
has  been  designing  a  Forest  Health  Monitoring  (FHM)  system  in 
response  to  concerns  about  the  potential  effects  of  global  climatic 
change  on  forests  and  related  ecosystems  in  North  America,  the 
tropics,  and  Europe.  The  Forest  Ecosystems  and  Atmospheric 
Pollution  Research  Act  of  1988^®  directs  the  Forest  Service  to 
design  and  implement  a  monitoring  program  to  track  long-term 
trends  in  the  health  and  productivity  of  forest  ecosystems  in  the 
United  States.  The  FHM  program  will  provide  information  on 
forest  growth,  forest  mortality,  forest  distribution  and  structure, 
canopy  conditions,  soil  conditions,  and  surface  water  conditions. 
Additional  measurements  that  may  help  interpret  ecosystem 
changes  include  environmental  toxins,  weather  data,  and  basic 
forest  attributes  such  as  biomass  and  density  of  trees. 

There  are  three  integrated  tiers  in  the  program:  Detection 
Monitoring,  Evaluation  Monitoring,  and  Research  Monitoring. 
The  Detection  tier  is  designed  to  detect  unexpected  changes  in 
forest  condition.  Detection  of  an  abnormal  trend  will  trigger  the 
Evaluation  tier,  which  will  assess  and  evaluate  potential  causes 
of  unexpected  changes.  Research  Monitoring  will  provide  long¬ 
term  information  to  fully  understand  these  changes  on  an 
ecosystem  basis.  The  FHM  field  program  is  being  initiated  in  the 
New  England  states  in  1990  in  coiyunction  with  cooperating 
state  forestry  organizations  and  the  EPA  Environmental 
Monitoring  and  Assessment  Program  (EMAP). 
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National  Status  and  Trends 
Program/Strategic  Assessment  Program 

The  National  Oceanic  and  Atmospheric  Administration  (NOAA) 
carries  out  a  range  of  monitoring,  research,  and  assessment 
programs  related  to  marine  environmental  quality.  Current  ac¬ 
tivities  include  (1)  a  National  Status  and  Trends  Program  that 
conducts  nationwide  monitoring  of  marine  environmental 
quality  in  coastal  waters,  and  (2)  a  Strategic  Assessment  Pro¬ 
gram  that  develops  comprehensive  data  and  information,  both 
historical  and  contemporary,  on  marine  ecosystems  and  environ¬ 
mental  quality  to  support  strategic  assessments  of  national 
marine  environmental  quality  problems. 

The  National  Status  and  Trends  (NS&T)  Program  for 
Marine  Environmental  Quality  was  initiated  in  1984  to  monitor 
the  status  and  long-term  trends  in  concentrations  of  key  con¬ 
taminants  and  biological  indicators  of  contaminant  effects  in  the 
nation’s  coastal  and  estuarine  environments.  The  NS&T  Pro¬ 
gram  includes  the  Mussel  Watch  and  Benthic  Surveillance 
Projects  and  a  national  quality  assurance  project.  The  objectives 
of  the  NS&T  Program  are  to  measure  toxic  contaminants  and 
other  indicators  of  environmental  quality  in  a  nationwide  net¬ 
work  of  representative  estuarine  and  coastal  marine  sites. 

The  Mussel  Watch  Project  monitors  various  pollutants  in 
the  tissue  of  oysters  and  mussels  as  well  as  the  pollutant  levels 
in  associated  sediments  in  estuaries  and  along  the  coasts  of  the 
United  States.  Sampling  is  conducted  regularly  at  about  250 
sites.  The  Benthic  Surveillance  Project  monitors  the  same  pol¬ 
lutants  in  tissues  of  bottom-dwelling  fish  and  associated  sedi¬ 
ments  but  for  a  fewer  number  of  sites  nationwide.  These 
programs  have  noted  trends  in  several  pollutants  over  the  past 
10  years.  For  example,  lead  concentrations  in  oysters  and  mus¬ 
sels  are  generally  lower  now  than  they  were  10  years  ago,  while 
copper  concentrations  are  higher  in  mussels  OlDut  not  oysters) 
than  10  years  ago.  The  lead  decrease  can  be  attributed  to  the 
phase-out  of  lead  in  gasoline.  While  no  single  source  can  be  iden¬ 
tified  for  copper,  copper  consumption  and  use  in  the  United 
States  is  higher  now  than  it  was  10  years  ago. 
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NOAA  also  carries  out  a  Strategic  Assessment  Program, 
which  is  designed  to  make  maximum  use  of  existing  data,  infor¬ 
mation,  and  expertise  and  to  incorporate  this  information  into 
national  and  regional  assessments  of  coastal  resources  and  en¬ 
vironmental  quality.  Data  are  evaluated,  interpreted,  and  com¬ 
piled  in  a  series  of  databases  designed  to  provide  easy  access, 
facilitate  computer  mapping  and  comprehensive  analyses,  and 
provide  information  in  a  usable  atlas  format. 

During  1989  a  joint  EPA-NOAA  committee  was  established 
to  coordinate  the  coastal  and  estuarine  monitoring  programs  of 
the  two  agencies.  The  goal  is  to  coordinate  and  integrate  the 
NS&T  Program  with  EMAP  to  produce  a  single,  well-coordinated 
coastal  and  estuarine  monitoring  program  supported  by  both 
agencies.  NOAA  also  has  participated  with  the  U.S.  Geological 
Survey  in  the  development  of  the  NAWQA  Program  to  ensure 
compatibility  of  sampling  approaches  and  analytical  methods. 


Long-Term  Ecological  Research  Sites 

In  1980  long-term  ecological  research  was  advanced  by  the  Na¬ 
tional  Science  Foundation  with  the  funding  of  six  Long-Term 
Ecological  Research  (LTER)  Sites.  Currently  there  are  17  sites 
nationwide;  those  sites  were  selected  to  represent  msyor  North 
American  ecosystems,  such  as  desert,  prairie,  tundra,  forest, 
small  stream,  large  river,  lake,  and  estuarine  ecosystems.  Sites 
vary  in  size  from  a  few  thousand  to  several  thousand  hectares. 
LTER  sites  are  well-suited  for  stud3dng  how  ecosystems  respond 
to  stress,  including  global  climate  change.  On  many  LTER  sites, 
long-term  field  experiments  are  underway  to  study  system 
stability  and  productivity,  both  on  temporal  and  spatial  scales. 
Examples  include  studies  of  the  biogeochemistry  of  lakes  in  rela¬ 
tion  to  their  location  within  drainage  basins  and  the  effect  of  sea 
level  rise  on  terrestrial  nutrient  flux. 

Long-term  direct  experiments  involving  disturbance  by  fire, 
grazing,  and  manipulation  of  nutrients,  pollutants,  and  water 
are  emphasized  at  most  sites.  Retrospective  studies,  based  on 
the  techniques  of  paleolimnology  and  paleoecology,  are  used  at 
several  sites  to  place  ecosystem  change  and  disturbance  in  his- 
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torical  context.  Several  LTER  sites  also  incorporate  a  hierarchy 
of  spatial  scales  to  provide  a  spatial  perspective  on  ecosystem 
changes  in  addition  to  temporal  changes.  These  long-term 
process-oriented  sites  help  scientists  understand  the  changes  in 
regional  patterns  observed  in  other  monitoring  networks. 


National  Environmental  Research  Parks 

The  Department  of  Energy  has  set  up  six  National  Environmen¬ 
tal  Research  Parks  (NERPs)  to  provide  protected  land  areas  for 
research  and  education  in  the  environmental  sciences.  This  pro¬ 
gram  develops  methods  for  monitoring  and  assessing  the  en¬ 
vironmental  impacts  of  human  activities,  predicting  the  environ¬ 
mental  impacts  of  proposed  and  ongoing  energy  development, 
demonstrating  the  impacts  of  various  energy  activities  on  the  en¬ 
vironment,  and  minimizing  adverse  effects. 

NERP  sites  are  located  in  representative  ecosystems 
throughout  the  United  States.  Each  site  contains  protected 
natural  areas  (experimental  controls  or  reference  areas)  and  ex¬ 
amples  of  man-altered  systems  such  as  nuclear  and  fossil  fuel 
power  plants,  heated  ponds,  tree  plantations,  cultivated  fields, 
and  land  disturbed  by  other  energy  or  construction  activity, 
(generally,  several  distinct  ecosystems  and  ecotones  exist  in  each 
NERP.  The  Los  Alamos  site  includes  ponderosa  pine,  pinyon- 
juniper,  juniper-grassland,  and  mixed  conifer  vegetation  com¬ 
munities.  NERP  sites  range  in  size  from  5,500  to  230,000 
hectares. 

Specific  research  projects  on  NERP  sites  vary,  depending  on 
the  attributes  and  problems  associated  with  each  site’s  ecosys¬ 
tems.  For  example,  the  Oak  Ridge  site  is  used  for  research  on  at¬ 
mospheric  deposition,  biogeochemical  cycling  of  nutrients  and 
trace  elements,  and  stream  and  watershed  dynamics,  whereas 
the  Los  Alamos  site  is  used  to  study  ecological  characterizations 
fundamental  to  addressing  environmental  compliance. 

Many  of  the  NERP  sites  have  extensive  long-term 
databases;  data  (especially  related  to  climate)  were  collected  at 
those  sites  before  the  establishment  of  the  NERP  program.  For 
example,  42  years  of  continuous  precipitation  measurements  and 
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20  years  of  continuous  wind  and  solar  radiation  measurements 
have  been  taken  at  the  Los  Alamos  site.  Not  only  do  those 
databases  serve  as  valuable  baselines  against  which  to  measure 
ecological  changes  or  trends,  they  also  allow  new  research 
projects  to  be  superimposed,  thus  allowing  more  rapid,  cost-effec¬ 
tive,  and  accurate  data  collection. 


Environmental  Monitoring  and 
Assessment  Program 

The  EPA  Science  Advisory  Board  recommended  in  1988  that  an 
interagency  program  be  initiated  to  monitor  ecological  status 
and  trends,  as  well  as  to  develop  innovative  methods  to  an¬ 
ticipate  emerging  environmental  problems.  On  the  recommenda¬ 
tion  of  the  Science  Advisory  Board,  EPA  launched  the  Environ¬ 
mental  Monitoring  and  Assessment  Program  (EMAP)  to  build  on 
the  monitoring  networks  of  other  federal  agencies. 

EMAP  was  established  in  1989  as  an  interagency  program 
to  collect  data  that  help  answer  the  following  questions: 

•  What  is  the  current  status,  extent,  and  geographic 
distribution  of  the  nation’s  ecological  resources? 

•  What  proportions  of  these  resources  are  degrading  or 
improving,  where,  and  at  what  rate? 

•  What  are  the  likely  causes  of  adverse  effects? 

•  Are  adversely  affected  ecosystems  responding  as 
expected  to  control  and  mitigation  programs? 

Although  agencies  like  the  U.S.  Geological  Survey,  Forest 
Service,  and  National  Oceanic  and  Atmospheric  Administration 
have  long-term  monitoring  programs,  those  programs  monitor 
only  a  portion  of  the  nation’s  ecological  resources.  To  determine 
its  health,  an  entire  ecosystem  must  be  monitored,  not  just  one 
component.  EMAP  provides  a  framework  within  which  various 
federal,  state,  and  local  agencies,  academia,  and  other  par¬ 
ticipants  can  bring  together  a  range  of  expertise  and  resources  to 
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collect  the  data  needed  to  document  the  status  and  trends  in  en¬ 
vironmental  conditions  across  whole  ecosystems. 

The  assessment  of  ecological  conditions  over  time  is  critical 
for  evaluating  the  effectiveness  of  regulatory  programs  and  for 
determining  the  nation’s  future  research  needs.  The  information 
generated  by  EMAP  will  be  used  not  only  to  describe  ecological 
conditions,  but  also  to  identify  potential  sources  of  ecological 
stress  and  degradation.  For  example,  it  may  be  possible  to  as¬ 
sociate  an  increase  in  the  proportion  of  estuaries  exhibiting 
periods  of  low  dissolved  oxygen  and  fish  kills  with  an  increase  in 
the  cumulative  discharge  of  various  oxygen-demanding  chemi¬ 
cals.  Although  individual  industrial  or  mimicipal  sources  of  pol¬ 
lution  may  meet  discharge  permit  requirements,  the  cumulative 
impacts  occurring  on  a  larger  scale  may  contribute  to  the  decline 
of  dissolved  oxygen  levels. 

Global  Environmental 
Monitoring 

Because  global  processes  are  extremely  complex,  it  is  difficult  to 
distinguish  between  man-induced  changes  (such  as  global 
temperature  changes  due  to  increased  atmospheric  concentra¬ 
tions  of  CO2  and  other  trace  gases)  and  natural  variability  (such 
as  long-term  temperature  changes  resulting  from  natural 
climatic  variations).  National  governments  and  international  or¬ 
ganizations  have  recognized  that  to  assess  the  health  of  the  com¬ 
plex  global  ecosystem  and  to  project  future  changes  due  to  either 
man-made  or  natural  causes  requires  environmental  monitoring 
of  (1)  global  ecosystems  such  as  oceans,  the  biosphere,  and  the 
atmosphere,  (2)  global  processes  and  dynamics  such  as  ocean 
currents  and  biogeochemistry,  and  (3)  global  interactions  such  as 
between  ocean  and  atmosphere.  International  and  national 
scientific  communities  and  intergovernmental  environmental  re¬ 
search  groups,  including  the  National  Academy  of  Sciences 
(NAS),  the  International  Council  of  Scientific  Unions  (ICSU), 
and  the  World  Meteorological  Organization  (WMO),  have  ad- 
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vised  national  governments  of  the  need  for  monitoring  the  global 
ecosystem.  Monitoring  programs  at  the  regional  and  national 
scales  are  inadequate  for  identifying  global  environmental  chan¬ 
ges  and  trends. 

The  effects  of  human  activities  on  global  processes  can  be¬ 
come  apparent  within  decades.  Often,  however,  they  occur  in 
coqjunction  with  natural  variability  on  similar  time  scales.  Thus 
it  may  be  difficult  to  differentiate  anthropogenic  from  natural 
changes  without  a  substantial  amount  of  data  collected  over  a 
long  time  period. 

Consequently,  global  data  collection  and  measurements 
often  must  be  sustained  over  decades.  Additionally,  global  pro¬ 
cesses  and  conditions  must  be  measured  simultaneously  at  dif¬ 
ferent  places  to  be  useful  for  defining  and  understanding  global 
trends. 

Just  as  no  one  federal  agency  is  capable  of  conducting  na¬ 
tional  environmental  monitoring,  no  one  country  has  the  compre¬ 
hensive  expertise  or  resources  to  monitor  the  global  ecosystem. 
National  and  international  coordination  is  essential  to  identify¬ 
ing  and  understanding  environmental  trends  that  affect  all 
countries. 


Monitoring  and  Research  Programs 

In  the  United  States,  many  federal  agencies  monitor  changes  in 
the  global  ecosystem.  Significant  contributions  to  global  re¬ 
search,  specifically  in  the  earth  sciences,  atmospheric  sciences, 
oceanic  studies,  biological  sciences,  and  climate  studies,  have 
been  made  by  the  National  Aeronautics  and  Space  Administra¬ 
tion  (NASA),  the  National  Oceanic  and  Atmospheric  Administra¬ 
tion  (NOAA),  the  Department  of  Energy  (DOE),  the  Office  of 
Naval  Research,  the  U.S.  Geological  Survey,  and  the  National 
Science  Foundation  (NSF),  among  others. 

Much  of  this  work  has  been  carried  out  through  sophisti¬ 
cated  space  research,  earth-based  measurements,  and  the 
development  of  models  simulating  global  processes.  Until  the 
1980s  global  research  and  monitoring  was  accomplished  largely 
through  single  agency-sponsored  programs  and  within  a  single 
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scientific  discipline.  For  example,  NASA  space-based  measure¬ 
ments  of  wind  patterns  provided  a  comprehensive  understanding 
of  global  atmospheric  currents. 

Over  the  past  decade,  interdisciplinary,  interagency  global 
research  and  monitoring  programs  have  advanced  the  acquisi¬ 
tion  of  global  data  and  the  knowledge  of  global  conditions,  chan¬ 
ges,  and  trends.  Moreover,  federal  agencies  and  their  programs 
have  been  tied  closely  to  the  programs  of  intergovernmental  and 
international  science  organizations.  For  example,  in  1978-1979 
the  National  Climate  Program  was  implemented.^®  This  program 
was  the  first  cooperative  endeavor  among  federal  and  state  agen¬ 
cies,  regional  and  private  institutions,  academia,  and  the  private 
sector  to  develop  global  climate  monitoring  programs  with  a 
predictive  rather  than  a  responsive  focus.  The  National  Climate 
Program  is  closely  tied  to  international  monitoring  and  research 
efforts,  including  the  WMO  World  Climate  Program,  the  UNEP 
World  Climate  Impacts  Program,  and  the  ICSU  Scientific  Com¬ 
mittee  on  Ocean  Research  and  Scientific  Committee  on  Problems 
of  the  Environment. 

In  1983  NASA  established  the  Earth  Systems  Sciences  Com¬ 
mittee,  which  recommended  a  tri-agency  program  for  global 
Earth  system  studies  by  NASA,  NSF,  and  NOAA.^^  A  few  years 
later,  NOAA  and  NSF  set  up  research  programs  investigating 
global  climatic  change.  In  1986  NSF  established  its  Global  Geos¬ 
ciences  Research  initiative,  and  NOAA  began  its  Climate  and 
Global  Change  initiative. 

In  1986  the  International  Council  of  Scientific  Unions 
(ICSU)  endorsed  the  International  Geosphere-Biosphere  Pro¬ 
gram,  a  new  effort  to  study  global  change  and  to  complement  the 
existing  World  Climate  Program.  In  the  same  year  the  United 
States  recognized  the  need  to  monitor  all  aspects  of  global 
change  and  to  coordinate  with  international  monitoring  and  re¬ 
search  programs.  In  1987  the  Presidential  Science  Advisor  estab¬ 
lished  a  federal  interagency  group,  the  Committee  on  Earth 
Sciences  (CES),  to  develop  a  national  strategy  for  addressing 
global  change  research  and  development  issues.  (See  Table  3-2 
for  a  list  of  CES  members.) 


80 


ENVIRONMENTAL  DATA  AND  TRENDS 


Table  3-2.— Membership  of  the  Committee  on  Earth  Sciences,  May  1989. 

Council  on  Environmental  Quality  (CEQ) 

Department  of  the  Interior  (DOI) 

Department  of  State  (DOS) 

Office  of  Management  and  Budget  (0MB) 

Department  of  Agriculture  (USDA) 

Environmental  Protection  Agency  (EPA) 

National  Aeronautics  and  Space  Administration  (NASA) 

Department  of  Defense  (DOD) 

Department  of  Energy  (DOE) 

Office  of  Science  and  Technology  Policy  (OSTP) 

National  Science  Foundation  (NSF) 

Department  of  Commerce  (DOC) 

Department  of  Transportation  (DOT) 


Among  other  things,  CES  has  been  charged  with  the  follow¬ 
ing  tasks: 

•  Review  federal  research  and  development  programs  in 
earth  sciences,  including  national  and  international 
programs; 

•  Improve  planning,  coordination,  and  communication 
among  federal  agencies  engaged  in  earth  sciences 
research  and  development; 

•  Identify  and  define  earth  sciences  research  and 
development  needs; 

•  Develop  and  update  long-range  plans  for  the  overall 
federal  research  and  development  effort  in  earth 
sciences; 

•  Address  specific  programmatic  and  operational  issues 
and  problems  that  affect  two  or  more  federal  agencies; 
and 

•  Develop  the  Administration’s  response  to  the  NSF 
Authorization  Act  of  1987  calling  for  a  report  to 
Congress  on  the  establishment  of  an  International  Year 
of  the  Greenhouse  Effect  in  1991. 
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In  January  1989  the  Committee  on  Earth  Sciences  (CES) 
presented  a  government- wide  plan  for  integrating  U.S.  global 
change  research  in  Our  Changing  Planet:  A  U.S.  Strategy  for 
Global  Change  Research.  This  report  outlined  the  goals  and  ob¬ 
jectives  of  the  U.S.  Global  Change  Research  Program  and  recom¬ 
mended  the  development  of  a  comprehensive  research  plan  that 
would  integrate  existing  federal  global  change  monitoring  and 
research  activities. 

In  July  1989  the  CES  developed  an  initial  research  plan  for 
the  U.S.  Global  Change  Research  Program.  The  purpose  of  this 
plan,  detailed  in  Our  Changing  Planet:  The  FY  1990  Research 
Plan^^  was  to  facilitate  the  planning  and  coordination  of  the 
federal  research  and  budgetary  activities  of  the  Global  Change 
Program.  The  plan  was  based  on  recommendations  and  research 
plans  developed  over  the  past  several  years  by  the  national  and 
international  scientific  community,  including  the  National 
Academy  of  Sciences  and  ICSU;  national  governments,  such  as 
those  representing  the  United  Kingdom,  Japan,  Brazil,  and  the 
Soviet  Union;  intergovernmental  coordinating  bodies,  such  as 
the  U.N.  Intergovernmental  Panel  on  Climate  Change;  and  in¬ 
ternational  environmental  organizations,  including  WMO  and 
UNEP.  The  plan  is  intended  to  interface  with  other  national  and 
international  programs,  including  the  National  Climate  Pro¬ 
gram,  the  World  Climate  Program,  the  International  Geosphere- 
Biosphere  Program,  the  Tropical  Ocean  and  Global  Atmosphere 
Program,  and  the  International  Lithosphere  Program. 

The  1990  Global  Change  Research  Plan  also  has  drawn 
upon  many  of  the  lessons  learned  from  environmental  monitor¬ 
ing  in  the  United  States  since  the  1970s.  It  has  brought  together 
a  host  of  federal  agencies  whose  programs  are  complementary 
and  share  a  common  scientific  method,  framework,  and  goal.  It  is 
a  large-scale,  global  approach  that  provides  the  structure  for 
long-term  monitoring.  One  of  the  key  scientific  objectives  of  this 
multiagency  monitoring  and  research  program  is  to  provide  the 
predictive  capabilities  necessary  to  determine  future  global  data 
needs  and  formulate  effective  environmental  policies. 
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Scientific  Objectives 

The  U.S.  Global  Change  Research  Program  outlined  in  the  FY 
1990  Research  Plan  has  three  interdependent  scientific  objec¬ 
tives: 


*  Monitoring  global  environmental  trends  and  acquiring 
global  data, 

*  Understanding  global  processes  and  the  interactions  of 
the  individual  components  of  those  processes,  and 

*  Projecting  future  global  changes  and  the  impacts  of  such 
changes. 

Three  key  scientific  questions  have  formed  the  basis  of  these 
objectives: 

•  What  global  changes  have  occurred  in  the  past  and  are 
occurring  now? 

•  What  physical,  geological,  chemical,  biological,  and 
social  processes  are  involved  in  influencing  global 
change  and  its  environmental  impacts? 

•  How  well  can  global  change  and  its  impacts  be  predicted? 

The  goal  of  the  U.S.  Global  Change  Research  Program  is  to 
provide  an  accurate  and  sound  scientific  basis  for  informed 
decisionmaking  related  to  global  environmental  issues  (see  Fig¬ 
ure  3-5).  Reliable  scientific  data  and  predictive  capabilities  will 
be  essential  components  of  any  national  or  international  policies 
developed  in  response  to  the  effects  of  potential  climatic  change. 

To  obtain  accurate  and  reliable  data,  CES  has  evaluated  ex¬ 
isting  global  research  programs  and  monitoring  networks  and 
assisted  in  coordinating,  planning,  and  integrating  scientific  re¬ 
search  at  three  levels  of  scientific  discipline:  single  disciplinary 
studies,  interdisciplineiry  studies,  and  integrated  studies  (see 
Figure  3-6).  The  U.S.  Global  Change  Research  Program  is  work¬ 
ing  to  integrate  scientific  disciplines  and  agencies  critical  to  un¬ 
derstanding  the  global  ecosystem. 
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Figure  3-5. — Goal  of  the  U.S.  Global  Change  Research  Program. 


U.S.  Global  Change 
Research  Program  Goal 

Recognizing  that  effective  and  rational  response  strate¬ 
gies  to  environmental  issues  can  be  built  only  on  sound  scientific 
information,  the  overarching  goal  of  the  U.S.  Global  Change 
Research  Program  is: 

To  gain  a  predictive  understanding  of  the  interactive 
physical,  geological,  chemical,  biological,  and  social 
processes  that  regulate  the  total  Earth  system  and, 
hence,  establish  the  scientific  basis  for  national  and 
international  policy  formulation  and  decisions  relating 
to  natural  and  human-induced  changes  in  the  global 
environment  and  their  regional  impacts. 


Source:  Committee  on  Earth  Sciences,  Our  Changing  Planet:  The  FY 1990 
Research  Plan,  Report  by  CES  on  U.S.  Global  Change  Research 
Program,  Office  of  Science  and  Technology  Policy,  Executive  Office  of  the 
President,  Washington,  DC  (1989),  page  10. 


Figure  3-6. — ^The  Scientific  Approach  to  the  U.S.  Global  Change 


Research  Program. 


Single  Disciplinary  Studies 
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Several  federal  agencies  are  involved  in  ^obal  monitoring 
and  data  collection.  Each  brings  unique  expertise  to  the  U.S. 
Global  Change  Program  (see  Table  3-3),  and  each  plays  an  im¬ 
portant  part  in  advancing  the  nation’s  knowledge  of  global  condi¬ 
tions  and  trends. 

Table  3-3. — Major  Federal  Agencies  Involved  In  Global  Monitoring  and 
Research  Programs. 

AGENCY 

AREA  OF  EXPERTISE 

National  Oceanic  and  Atmospheric 
Administration  (NOAA) . 

Climate  Studies 

Weather  Prediction 

Ocean  Studies 

Data  Management 

Atmospheric  Studies 

Stratopheric  Ozone 

Department  of  Energy  (DOE) . 

Climate  and  C02 

Precipitation  Chemistry 

Atmospheric  Chemistry 

Ecosystems  Research 

Geosciences 

Department  of  the  Interior  (DOI)  . . . 

Ecosystem  Modeling 

Land  and  Water  Use 

U.S.  Geological  Survey 
(USGS) . 

Remote  Sensing  Studies 

Hydroclimatology 

Hydrologic  Systems.  Processes,  and  Modeling 

Spatial  Data  Collection 

Water  Resources 

Information  and  Data  Management 

Land  Surface 

Geology 

Geography 

Minerals  Management  Service 
(MMS) . 

.  Arctic  Species 

Ocean  Circulation  and  Heat  Flux 

Fish,  and  Wildlife  Service 
(FWS)  . 

.  Wetlands 

Biological  Diversity 

Wildlife 

Fish 

Threatened  and  Endangered  Species 

Habitat 

National  Park  Service  (NPS)  . . 

.  Ecological  Research 

Man  and  the  Biosphere  Program 

Vegetation  Classification 

Populations 

Communities 

Natural  Resources 

Earth  History 
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Table  3-3.— Major  Federal  Agencies  Involved  in  Global  Monitoring  and 
Research  Programs  (cont.). _ 


AGENCY _ AREA  OF  EXPERTISE 

Bureau  of  Land  Management 

(BLM)  .  Fire  Weather/Climate 


Wilderness  Management 

Rangeland 

Wildlife 

Fish 

Threatened  and  Endangered  Species 

Environmental  Protection  Agency 

(EPA) .  Air  Quality 

Climate  Scenarios 
Acidic  Deposition 
Atmospheric  Research 
Terrestrial  Ecosystems 
Quality  Assurance 

Water  Quality  Effects  on  Ecosystem  Processes 

Pesticides  Transport  and  Ecosystem-Level  Effects 

Toxic  Substances  Research 

Environmental  Monitoring  and  Assessment  Program 

Human  Health 

Research  Policy  Analysis 

Domestic  Regulatory  Actions 

National  Aeronautics  and  Space 

Administration  (NASA) .  Earth  Observing  System 

Atmospheric-Surface  Interactions 
Climate  Systems 
Greenhouse  Effects 
Remote  Sensing 

Weather  Cloud-Radiation  Processes 
Hydrological  Cycle  Components 
General  Calculation  Models 
Biosphere-Atmosphere  Interactions 
Sea  Ice  and  Ice  Sheets 


National  Science  Foundation 

(NSF) .  Atmospheric  Chemistry 

Biological  Diversity 
Climate  Studies 
Earth  History 
Ecosystems  Research 
Geosciences  in  Polar  Regions 
Qcean  Studies 
Regional  Geography 
Social  and  Economic  Research 
Solar-Terrestrial  Studies 
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Agency  Expertise 

The  National  Oceanic  and  Atmospheric  Administration  (NOAA) 
has  been  involved  in  climate  and  oceanography  studies  for  two 
decades.  NOAA  monitors  the  oceans,  measures  global  sea  level, 
and  monitors  global  climate.  More  specifically,  NOAA  monitors 
and  observes  changes  in  climate  system  processes  and  their  ef¬ 
fects  on  marine  ecosystems.  Because  NOAA  has  extensive  exper¬ 
tise  in  modeling  climate  systems,  it  has  the  capability  to  project 
future  climate  changes.  NOAA  also  is  responsible  for  acquiring 
the  climate  data  obtained  by  all  agencies  involved  in  global  re¬ 
search  and  for  distributing  that  data  in  a  useable  form. 

The  Department  of  Energy  (DOE)  also  conducts  research  on 
global  climate  systems.  However,  DOE  pays  special  attention  to 
CO2  and  other  air  pollutants  emitted  when  energy  is  used.  DOE 
has  msgor  responsibility  for  predicting  climate  change  in 
response  to  increased  levels  of  CO2  and  methane.  DOE  research 
also  focuses  on  ways  to  detect  global  warming  at  an  early  stage. 

The  Department  of  the  Interior  (DOI)  has  a  number  of  agen¬ 
cies  involved  in  both  single-disciplinary  and  interdisciplinary 
studies  to  detect  trends  in  the  nation’s  natural  resources.  Be¬ 
cause  of  the  many  DOI  agencies  involved  in  global  data  collec¬ 
tion,  the  department’s  responsibilities  are  extraordinarily  broad. 

The  U.S.  Geological  Survey  (USGS),  with  expertise  in 
geological  and  hydrological  sciences,  is  primarily  responsible  for 
monitoring  surface  water  systems  and  for  collecting  data  on  land 
surfaces,  geology,  and  geography.  The  USGS  will  continue  to 
measure  land  surface  features  and  collect  spatial  data  through 
its  remote  sensing  studies. 

The  Fish  and  midlife  Service  (FWS)  collects  data  on  biologi¬ 
cal  diversity,  wetlands  inventory,  migratory  birds,  wildlife,  fish, 
threatened  and  endangered  species,  and  changes  in  species 
habitat.  The  Outer  Continental  Shelf  (OCS)  Environmental 
Studies  Program,  administered  by  the  Minerals  Management 
Service  (MMS),  collects  similar  data  for  the  marine  and  coastal 
environments.  The  National  Park  Service  (NPS),  as  steward  of 
some  of  the  nation’s  most  remarkable  natural  and  environmental 
resources,  is  chiefly  involved  in  ecological  research,  including 
vegetation  classification,  population  and  community  studies,  the 
Man  and  the  Biosphere  Program,  and  data  collection  on  the 
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Earth’s  history.  The  Bureau  of  Land  Management  (BLM)  is  lar¬ 
gely  responsible  for  monitoring  rangelands  within  the  United 
States,  monitoring  flre-weather-climate  interactions,  and  collect¬ 
ing  data  for  wilderness  management.  The  MMS  collects  informa¬ 
tion  and  studies  key  Arctic  marine  mammals  and  ocean  and  heat 
circulation  in  the  nearshore  domain,  including  the  Gulf  of  Mex¬ 
ico.  In  addition,  DOI  has  a  program  to  develop  species  and 
ecosystem  models  and  methodologies  to  predict  changes  in  land, 
water,  and  other  resources  and  to  estimate  socioeconomic  chan¬ 
ges. 

The  Environmental  Protection  Agency  (EPA)  also  has 
diverse  responsibilities  in  the  U.S.  Global  Change  Research  Pro¬ 
gram.  As  part  of  its  mission  to  protect  the  environment  and 
human  health,  EPA  conducts  research  on  ecological,  environmen¬ 
tal,  and  human-health  consequences  of  global  change.  EPA  also 
monitors  air  quality,  emissions  sources,  atmospheric  chemistry, 
and  biological  and  ecological  resources  through  programs  such  as 
EMAP  and  the  Global  Climate  Change  Program. 

The  National  Aeronautics  and  Space  Administration 
(NASA)  has  been  involved  in  monitoring  global  climate  change 
and  global  processes  for  many  years.  NASA  is  chiefly  responsible 
for  the  continued  development  and  use  of  sophisticated  Earth-ob¬ 
serving  systems,  satellites,  and  instruments  to  monitor  and  col¬ 
lect  global  data  from  space.  NASA  satellites  allow  the  collection 
of  data  and  global  monitoring  of  the  whole  planet.  Among  other 
areas  of  observation,  NASA  monitors  atmospheric,  oceanograph¬ 
ic,  and  land  use  systems  and  processes.  Through  its  Earth  Sys¬ 
tems  Science  Program,  NASA  conducts  earth  sciences  research 
from  space. 

The  National  Science  Foundation  (NSF)  is  responsible  for 
maintaining  basic  research  in  all  areas  of  earth,  atmospheric, 
and  ocean  sciences,  including  the  relevant  biological  and  social 
sciences  and  research  in  the  polar  regions.  The  NSF  role  in  the 
interdisciplinary  U.S.  Global  Change  Research  Program  empha¬ 
sizes  ground-based  studies  on  regional  and  global  scales,  large- 
scale  field  programs,  interpretation  and  use  of  remotely  sensed 
data  and  geographic  information  systems,  theoretical  and 
laboratory  research,  facilities  support,  and  the  development  of 
numerical  models. 
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The  planning,  coordination,  and  implementation  of  research 
programs  is  carried  out  through  the  Directorate  for  Geosciences, 
the  U.S.  Antarctic  Program,  and  the  Directorate  for  Biological, 
Behavioral,  and  Social  Sciences.  Research  activities  are  con¬ 
ducted  by  scientists  and  engineers  in  the  nation’s  universities 
and  colleges  and  in  other  institutions.  NSF  provides  support  to 
these  researchers  in  response  to  peer-reviewed  proposals.  Plan¬ 
ning  of  the  research  components  is  carried  out  through  interac¬ 
tions  among  NSF  program  staff  and  advisory  committees  and 
other  agencies,  the  nation’s  scientists  and  the  National  Academy 
of  Sciences,  and  other  national  and  international  committees 
and  scientific  organizations. 

The  U.S.  Department  of  Agriculture  (USDA)  is  conducting 
research  to  assess  the  effects  of  global  change  on  world  agricul¬ 
ture,  specifically  on  the  worldwide  production  of  food  and  fiber 
crops  and  on  forests.  The  Forest  Service  is  chiefly  responsible  for 
conducting  research  on  the  effects  of  global  changes  on  the 
Earth’s  forest  ecosystems  and  their  relationships  with  othei 
ecosystems. 

The  Department  of  Defense  (DOD)  is  indirectly  involved  in 
the  U.S.  Global  Change  Research  Program.  DOD  is  conducting 
mission-related  research  that  provides  information  on  global 
processes  that  affect  defense  operations,  tactics,  and  systems. 
While  not  directly  tied  to  global  change  research,  many  DOD 
projects  help  other  federal  agencies  reach  their  global  change 
goals.  For  example,  through  the  Office  of  Naval  Research,  DOD 
collects  oceanographic  data.  The  DOD  Office  of  the  Oceanog¬ 
rapher  of  the  Navy  also  is  conducting  long-term  oceanographic 
observations  that  will  contribute  to  the  research  and  monitoring 
goals  of  other  agencies. 

In  FY  1990  the  budget  for  the  U.S.  Global  Change  Research 
Program  is  $659.3  million.  The  President’s  1991  budget  proposes 
a  $1,034  million  budget  for  global  change  research,  an  increase 
of  57  percent  (see  Figure  3-7).  This  increase  demonstrates  the 
nation’s  commitment  to  collect  accurate  global  environmental 
data  and  to  identify  and  predict  future  global  environmental 
trends  and  to  sustain  long-term  global  monitoring  programs. 
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Figure  3-7. — U.S.  Global  Change  Reaearch  Program  Budget  by 
Science  Element 


Science  Element 


Millions  of  Dollars 

Source:  Committee  on  Earth  Sciences,  Our  Changing  Planet:  The  FY 1991  U.S. 
Global  Change  Research  Program,  Executive  Office  of  the  President, 
WasNngton,  DC  (1990). 


Committee  on  Earth  Sciences 

Critical  to  the  success  of  national  and  international  global 
monitoring  and  research  efforts  is  an  effective  mechanism  for 
federal  program  oversight,  management,  and  coordination.  Such 
a  mechanism  increases  the  overall  effectiveness  and  productivity 
of  the  nation’s  interagency  global  monitoring  and  research  ef¬ 
forts,  fosters  unified  progress,  and  maintains  international 
cooperative  efforts. 

In  the  United  States,  CES  fulfills  this  very  important  role. 
Because  CES  is  comprised  of  representatives  from  several  dif- 
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ferent  federal  agencies,  each  with  distinct  capabilities  and  exper¬ 
tise,  it  is  able  effectively  to  integrate  the  scientific  resources  of 
the  federal  government.  Each  federal  agenqr  represented  on  CES 
is  involved  in  global  programs,  either  through  the  collection  of 
global  data,  the  direction  of  global  scientific  research,  or  global 
policy  anal3rsis.  Throu^  CES,  they  coordinate  their  expertise 
and  programs.  Thus  CES  is  at  the  center  of  the  nation’s  com¬ 
prehensive,  long-term,  multiagency  effort  to  conduct  global 
monitoring  and  trends  research  (Figure  3-8). 


Figure  3-8. — Structure  of  the  U.S.  Global  Change  Research  Program. 


Furthermore,  CES  is  instrumental  in  maintaining  linkages 
between  U.S.  agencies  and  international  global  change  programs 
administered  through  other  governments,  such  as  the  United 
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Kingdom’s  National  Environmental  Resource  Council,  and  inter¬ 
national  scientific  organizations,  such  as  the  International 
Council  of  Scientific  Unions,  the  World  Meteorological  Organ¬ 
ization,  the  U.N.  Environment  Program,  the  U.N.  Education, 
Scientific,  and  Cultural  Organization,  and  the  European  Space 
Agency.  International  partnerships  between  scientific  and 
governmental  organizations  are  the  key  to  global  monitoring  and 
the  identification  of  global  environmental  trends. 
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June  1,  1987 


On  June  1,  1987,  a  driver  pulled  into  a  salvage  yard 
in  Illinois  and  unhitched  a  12- by  32-foot  trailer.  In¬ 
side  the  trailer  was  a  fully  equipped  laboratory  that  in¬ 
cluded  a  gas  chromatograph,  a  sophisticated  instrument 
designed  to  detect  minute  concentrations  of  pollutants  in 
soil,  water,  and  air.  This  instrument  can  routinely  detect 
many  environmental  pollutants  present  at  concentrations  of 
no  more  than  parts  per  billion.  The  mobile  laboratory  that 
arrived  at  the  Illinois  salvage  yard  in  1987  was  owned  by  a 
private  firm  under  contract  to  the  Illinois  Environmental 
Protection  Agency  to  clean  up  the  site.  The  cleanup  con¬ 
tractor  used  the  mobile  laboratory  extensively  over  the  next 
year,  routinely  analyzing  15-20  samples  per  day. 

In  addition  to  highly  sophisticated  detection  and 
measurement  instruments,  the  contractor  also  used  an  ad¬ 
vanced  cleanup  technology.  The  salvage  yard,  which  had 
been  abandoned  by  its  owner,  was  heavily  contaminated 
with  PCBs  and  other  toxic  pollutants.  As  part  of  the 
cleanup  plan,  the  contractor  incinerated  contaminated  soil 
on  site  using  a  mobile  "rotary  kiln  incinerator."  The  con¬ 
tractor  excavated  contaminated  soil  from  the  salvage  yard 
and  fed  it  into  the  kiln  (a  rotating  chamber),  where  it  was 
mixed  with  air  and  subjected  to  very  high  temperatures  to 
destroy  the  PCBs.  After  treatment,  the  soil  was  filled  back 
in  at  the  site.  Exhaust  gases  from  the  kiln  were  passed  into 
a  secondary  chamber  to  complete  the  destruction  of  the 
contaminants.  They  then  were  treated  prior  to  release  into 
the  atmosphere.  Over  8,500  tons  of  PCB-contaminated  soil 
were  successfully  processed,  and  the  rotary  kiln  incinerator 
destroyed  and  removed  99.99999  percent  of  the  PCBs, 
while  meeting  all  applicable  state  and  federal  emissions 
control  requirements. 


CHAPTER  4 


Environmental 
Science  and 
Technology 


Environmental  pollution  is  a  byproduct  of  technological  and 
economic  development.  However,  while  technology  is  at 
least  partially  a  source  of  environmental  problems,  it  also  is  part 
of  the  solution.  Since  the  1970s  this  country’s  scientific  and  tech¬ 
nological  capabilities  to  detect  and  respond  to  environmental 
problems  have  expanded  enormously. 

For  example,  scientific  instruments  that  detect,  identify,  and 
quantify  contaminants  in  air,  water,  and  soil  are  much  more 
precise  than  those  available  20  years  ago.  The  standard 
methodologies  for  using  such  instruments  have  improved  as 
well.  Today’s  capabilities  for  understanding  how  chemical  con¬ 
taminants  travel — ^under  the  ground,  in  surface  water,  in  the  at¬ 
mosphere — how  they  are  transformed  as  they  travel  in  the 
environment,  and  how  they  reach  humans,  plants,  and  animals 
also  have  advanced  enormously  over  the  past  two  decades. 
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Moreover,  scientific  and  technological  developments  have 
led  to  the  development  of  new  environmental  control  tech¬ 
nologies.  Consequently,  many  types  of  pollution  can  be  controlled 
far  more  effectively  than  in  1970.  Technologies  and  production 
process  changes  that  minimize  creation  of  pollutants  in  the  first 
place  also  have  evolved. 

Part  of  the  nation’s  response  to  environmental  problems  re¬ 
quires  strong,  well-funded  programs  to  perform  scientific  re¬ 
search — ^to  better  characterize  and  understand  pollution 
problems  and  how  they  interconnect — and  to  develop  tech¬ 
nologies  to  clean  up  or  prevent  pollution  problems. 

Environmental  research  and  development  (R&D)  involves  a 
range  of  public  and  private  institutions  in  a  partnership  of  inter¬ 
ests  and  efforts.  Over  the  past  decade,  several  laws  have  been 
enacted  to  help  promote  such  partnerships  between  the  private 
and  public  sector.  For  example,  a  new  part  of  the  Superfund  pro¬ 
gram,  expressly  designed  to  promote  public  and  private  sector 
cooperation,  is  helping  to  speed  the  development  of  innovative 
hazardous  waste  site  cleanup  technologies.  Because  many  en¬ 
vironmental  problems  are  not  limited  to  national  boundaries, 
and  because  technical  expertise  can  be  found  throughout  the  in¬ 
ternational  community,  international  transfers  of  technology  and 
international  cooperation  on  R&D  are  becoming  increasingly  im¬ 
portant  as  well. 


Historical 

Perspective 

Because  environmental  science  and  technology  is  a  very  broad 
field,  it  is  difficult  to  generalize  about  its  status.  However,  the 
technological  capabilities  of  the  1970s  were  rudimentary  com¬ 
pared  to  today.  Government  agencies  and  industry  had  relatively 
poor  capabilities  for  detecting  and  measuring  pollution  in  the 
soil,  water,  and  air,  and  they  had  very  few  technologies  for  reduc¬ 
ing  the  discharges  of  harmful  substances  or  for  cleaning  up  pol¬ 
lutants  that  had  entered  the  environment. 
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Two  decades  ago,  for  example,  it  was  relatively  difficult  for 
scientists  to  test  for  the  presence  of  environmental  con¬ 
taminants.  Scientists  were  able  to  detect  most  chemical  con¬ 
taminants  only  if  they  were  present  at  relatively  high  levels  of 
concentration — in  parts  per  thousand.  Because  many  con¬ 
taminants  cause  substantial  increased  health  risks  to  humans 
even  at  concentrations  far  less  than  parts  per  thousand,  detec¬ 
tion  and  measurement  technology  in  1970  was  inadequate. 

Some  research  had  been  p>erformed  to  model  the  transport 
and  fate,  or  transformation,  of  pollutants  in  air,  water,  and  land. 
Some  of  the  basic  concepts  and  mathematical  equations 
developed  by  1970 — for  example,  equations  governing  diffusion 
of  pollutants  in  the  air — are  still  used  by  modelers  today.  How¬ 
ever,  the  modeling  capabilities  available  then  simply  were  not 
sufficient  to  support  aggressive  environmental  programs. 

For  one  thing,  relatively  few  models  had  been  developed, 
and  relatively  little  monitoring  data  were  available  to  help 
model  developers  verify  the  accuracy  of  their  models.  In  addition, 
most  models  were  very  cumbersome  to  use.  Most  transport  and 
fate  models  were  not  computerized,  primarily  due  to  the  expense 
and  relative  inaccessibility  of  computers.  Moreover,  in  1970 
neither  the  government  nor  industry  used  modeling  to  support 
environmental  decisionmaking,  so  most  model  researchers  had 
not  yet  focused  on  the  types  of  problems  that  are  commonly 
modeled  today,  for  instance,  the  transfer  of  contaminants  among 
environmental  media  and  human  exposure  to  contaminants. 

In  1970  few  pollution  control  technologies  were  ready  for 
commercial  application.  For  example,  the  scrubbers  used  today 
to  clean  flue  gases  from  the  smokestacks  of  coal-burning  power 
plants  were  still  being  tested  in  laboratories.  Although  mechani¬ 
cal  collectors  were  controlling  some  particulate  emissions,  elec¬ 
trostatic  precipitators  and  fabric  filters  were  not  widely  used, 
and  integrated  solutions  were  not  even  on  the  drawing  board. 

Automobile  pollution  controls  were  similarly  in  their  infan¬ 
cy.  Positive  crankcase  ventilation  (PCV)  systems,  which  reduce 
emissions  of  volatile  organics,  had  been  introduced  in  the  1960s, 
but  mcyor  advances  like  catalytic  converters  and  the  use  of  en¬ 
gines  that  burned  unleaded  fuel  had  not  yet  occurred.  Finally, 
hazardous  waste  control  and  remediation  technologies  were  not 
even  in  their  infancy.  Few  people  had  realized  there  was  a 
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groundwater  contamination  problem,  much  less  developed  tech¬ 
nologies  for  determining  the  extent  and  nature  of  a  contamina¬ 
tion  plume  or  for  cleaning  one  up. 

In  addition,  in  1970  very  little  collaboration  was  taking 
place  among  different  sectors  of  the  economy  in  developing  new 
pollution  control  technologies  and  transferring  such  expertise 
(for  example,  from  government  to  industry  or  from  one  country  to 
another).  The  concept  of  a  msgor  industrial  firm  collaborating 
with  the  U.S.  government  to  develop  a  particular  kind  of  pollu¬ 
tion  control  technology  was  unheard  of  in  the  1960s,  although 
collaboration  between  industry  and  government  on  space  ex¬ 
ploration  was  extensive.  However,  in  1970  U.S.  government 
agencies  and  private  firms  were  not  accustomed  to  looking 
abroad  for  innovative  or  state-of-the-art  expertise  in  pollution 
detection,  pollution  control,  or  pollution  cleanup  technology,  be¬ 
cause  such  expertise  also  was  rare  in  the  global  marketplace. 


Environmental 
Science  and 
Technology 
Today 


Detection  and  Measurement 
Technology 


Over  the  past  20  years,  substantial  improvements  have  been 
made  in  the  capabilities  of  scientists  to  identify  and  measure  pol¬ 
lutants  in  the  environment.  Scientific  tools  available  today  in¬ 
clude: 
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*  Qualitative  analyses  to  identify  the  types  of  substances, 
such  as  chemical  groups  and  specific  chemicals,  present 
in  soil,  air,  and  water; 

*  Quantitative  analyses  to  determine  how  much  of  each 
substance  is  present  in  samples;  and 

*  Speciation  or  characterization  to  establish  details  of  the 
chemical  forms  of  such  substances  and  the  manner  in 
which  the  substance  is  present  in  the  sample.  For 
example,  is  the  substance  evenly  distributed  within  soil 
particles?  Or  is  it  present  at  higher  concentrations  on 
the  surface  of  the  soil  particles — ^thus  increasing 
potential  exposures  to  humans,  plants,  or  animals? 

Scientists  now  can  detect  some  pollutant  concentrations  in 
the  parts-per-billion  or  parts-per-trillion  range.  (One  part  per 
billion  is  analogous  to  one  second  of  time  in  32  years.)  Twenty 
years  ago,  such  pollutants  could  be  detected  only  when  present 
in  the  parts-per-million  or  parts-per-thousand  range. 


Applications 

The  ability  to  detect  and  measure  pollutants  is  an  essential  com¬ 
ponent  of  many  environmental  assessment,  control,  and  cleanup 
activities.  Pollutant  detection  and  measurement  are  essential  for 
a  number  of  purposes: 

Background  Sampling 

Measuring  natural  or  "background"  concentrations  of  selected 
substances  provides  the  baseline  against  which  to  measure 
either  improvements  or  deterioration  in  environmental  quality. 
For  example,  a  state  environmental  agency  considering  whether 
to  issue  a  permit  for  a  new  facility  that  will  discharge  was¬ 
tewater  into  a  river  needs  to  understand  the  types  and  levels  of 
pollution  currently  in  the  river. 


Pollutant  Discharge  Measurements 

Measuring  the  amount  and  rate  of  pollutant  discharges  from 
known  sources  is  at  the  heart  of  many  permit-based  programs, 
and  it  is  part  of  virtually  all  compliance  and  enforcement 
programs  for  point  sources.  For  example,  virtually  any  facility 
that  dischEO'ges  a  significant  amount  of  wastewater  into  a 
navigable  water  body — river,  lake,  stream,  estuary,  or  ocean — is 
required  to  obtain  an  EPA-issued  or  state-issued  permit.  Permits 
establish  limits  on  the  amounts  and  concentrations  of  pollutants 
that  the  facility  is  allowed  to  discharge  and  require  each  facility 
to  take  samples  of  discharges,  determine  the  presence  and  con¬ 
centrations  of  all  pollutants  specified  in  the  permit,  and  report 
those  data  to  the  state  and  EPA.  In  addition,  state  or  federal 
regulators  will  take  samples  and  perform  measurements  peri¬ 
odically  as  a  check  on  such  self-reporting  or  in  response  to 
suspected  violations  of  permit  conditions.  (See  also  Chapter  5  of 
this  report:  "Enforcement.") 

Hazardous  Waste  Identification  and 
Measurement 

Identifying  and  measuring  substances  present  in  hazardous 
waste  sites  or  that  might  be  escaping  from  such  sites  are  part  of 
virtually  all  phases  of  federal,  state,  or  private  cleanups  of  such 
sites.  For  example,  detection  and  measurement  are  essential  to 
the  assessment  of  the  site:  What  types  of  pollutants  are  present 
and  at  what  levels  of  concentration?  Are  any  pollutants  from  the 
site  leaching  into  the  groundwater,  making  their  way  into 
vegetation  surrounding  the  site,  or  evaporating — "volatilizing" — 
into  the  air?  At  what  rates  and  concentrations?  Answers  to  such 
questions  help  regulators  determine  whether  a  cleanup  action  is 
warranted,  and  they  help  establish  cleanup  priorities,  that  is, 
which  sites  should  be  cleaned  up  first. 

Such  information  helps  guide  the  selection  of  an  appropriate 
cleanup  method.  Pollutants  also  must  be  measured  while 
cleanup  is  taking  place  to  measure  progress  and  to  determine 
when  cleanup  goals  for  the  site  have  been  achieved.  After  the 
cleanup  is  finished,  long-term  monitoring — such  as  periodic 
measurement  of  pollutants  in  groundwater  surrounding  the 
site — provides  an  early  warning  of  any  possible  resurgence  of 
problems  associated  with  the  site. 
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Pollutant  Identification 

Detection  and  measurement  technology  is  also  used  to  identify 
pollutants  that  might  be  responsible  for  observed  environmental 
insults.  In  response  to  events  such  as  a  fish  kill,  the  unexplained 
outbreak  of  a  disease  in  a  particular  geographic  area,  or  other  ob¬ 
servable  health  or  ecological  problems,  environmental  scientists 
first  determine  whether  environmental  pollution  is  the  cause.  If 
so,  they  must  identify  and  quantify  the  pollutants.  In  such  situa¬ 
tions,  scientists  often  do  not  know  exactly  which  pollutants  to 
seek;  many  different  pollutants  potentially  might  be  the  cause  of 
the  observed  problem.  Therefore,  scientists  rely  on  detection  and 
measurement  instruments  that  can  identify  a  range  of  different 
pollutants  quickly. 

Many  of  the  mcgor  environmental  statutes  and  regulations 
have  created  a  demand  for  increasingly  sensitive  and  powerful 
methods  for  detecting  and  measuring  individual  pollutants.  For 
example,  effective  implementation  of  the  Clean  Water  Act  re¬ 
quires  sophisticated  capabilities  to  identify  and  measure  in¬ 
dividual  toxic  substances.  Similar  requirements  are  associated 
with  the  provisions  of  the  Safe  Drinking  Water  Act  relating  to 
maximum  contaminant  limits  (MCLs)  for  different  chemicals. 

In  addition,  the  explosion  of  activity  in  the  environmental 
arena  has  led  to  the  development  of  analytical  methods  that  are 
increasingly  more  efficient  and  cost-effective.  For  example,  the 
vast  increase  in  hazardous  waste  cleanups  has  resulted  in  sharp 
increases  in  demand  for  sample  analyses.  Approximately  1,000 
sites  are  included  on  the  EPA  National  Priority  List,  and 
thousands  more  are  designated  by  individual  state  environmen¬ 
tal  agencies  for  cleanup.  The  process  of  assessing  each  site, 
selecting  and  implementing  appropriate  responses,  and  perform¬ 
ing  long-term  monitoring  involves  large  amounts  of  detection 
and  measurement.  Site-cleanup  teams  often  measure  the  con¬ 
centrations  of  several  hundred  different  chemical  compounds  as 
part  of  site  cleanup  activities.  Thus  strong  demand  for  anal3rtical 
services  has  led  to  the  development  of  sample  analysis  methods 
that  can  be  performed  at  higher  volumes,  at  lower  costs,  and 
with  reproducible  results  of  known  accuracy  and  precision. 


Advances  in  health  and  toxicological  research  also  have 
created  a  demand  for  improved  detection  and  measurement  tech¬ 
nology.  Health  and  toxicological  researchers  have  identified  a 
large  number  of  toxic  substances  that  create  health  risks  at  ex¬ 
tremely  low  levels  of  concentration  in  the  environment.  In  some 
cases,  in  fact,  significant  adverse  health  impacts  are  associated 
with  environmental  concentrations  that  are  so  low  that  they  can¬ 
not  be  detected  and  accurately  measured  with  current  instru¬ 
ments  and  methods. 

For  example,  the  practical  quantification  limit  for  vinyl 
chloride  in  drinking  water  is  2  micrograms  per  liter.  The  En¬ 
vironmental  Protection  Agency  (EPA)  has  set  the  MCL  for  vinyl 
chloride  at  that  level,  which  corresponds  to  an  individual  lifetime 
cancer  risk  of  slightly  greater  than  lO"^.  A  lower  MCL  (cor¬ 
responding  to  a  cancer  risk  of  lO"®)  might  be  preferable  to  protect 
public  health,  but  EPA  cannot  lower  the  MCL  without  the 
capability  to  detect  and  measure  at  a  concentration  that  cor¬ 
responds  to  that  cancer  risk. 


Key  Improvements 

In  the  early  1970s  the  limitations  of  existing  technology  often 
impeded  efforts  to  protect  the  environment.  First,  extensive  and 
cumbersome  sample  preparation  procedures  were  required 
before  samples  could  be  measured,  often  resulting  in  a  loss  of 
compounds  during  the  process.  Second,  detector  electronics  and 
corresponding  selectivity  were  relatively  unsophisticated  for  low- 
level  and  compound-specific  detection.  Third,  data  acquisition, 
calculation,  and  management  had  to  be  performed  primarily 
without  the  use  of  computers.  Extraction  of  key  pieces  of  infor¬ 
mation  was  difficult.  Modem,  computer-based  tools  designed 
specifically  to  help  manipulate  data  from  pollutant  measure¬ 
ment  instruments  were  just  reaching  the  market.  Fourth,  rela¬ 
tively  few  attempts  had  been  made  to  couple  different  anal3d;ic 
instruments  together  or  to  use  different  instruments  in  an  in¬ 
tegrated  manner.  Over  the  past  two  decades,  remarkable  advan¬ 
ces  have  taken  place  in  each  of  those  areas. 
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Gas  Chromatography-Mass 
Spectrometry  (GC-MS) 

The  GC-MS  is  a  good  example  of  technological  advances  in  the 
area  of  pollutant  detection  and  measurement.  In  fact,  the 
development  of  modem  GC-MS  represents  the  leading  advance¬ 
ment  in  the  detection  and  measurement  of  organic  chemicals. 

This  technology  is  a  marriage  between  two  highly  different 
analytical  instruments.  The  first,  gas  chromatography  (GrC), 
provides  highly  resolved  separation  of  the  many  organic  chemi¬ 
cals  that  may  be  present  in  an  environmental  sample.  For  ex¬ 
ample,  a  sample  of  liquid  drawn  from  a  drum  at  a  Superfund  site 
could  contain  hundreds  of  organic  compounds.  GC  instruments 
enable  scientists  to  separate  the  compounds  so  that  they  can  be 
identified  individually. 

After  being  separated  by  a  GC,  each  individual  organic  com¬ 
pound  can  be  identified  unambiguously  by  mass  spiectrometry 
(MS).  Thus  GC-MS  provides  unmatched  analytical  capability  for 
the  identification  and  quantification  of  trace  levels  of  organic 
compounds  in  complex  mixtures. 

A  number  of  technological  advances  have  made  today’s  CK)- 
MS  instruments  very  powerful.  They  are  now  capable  of  identify¬ 
ing  and  quantifying  a  remarkably  large  number  of  compounds. 
In  addition  to  increased  sensitivity,  the  CK]!-MS  instrument  now 
can  perform  substantially  higher  volumes  of  analyses  within  a 
given  laboratory  shift.  For  example,  20  years  ago  a  scientist  was 
able  to  perform  (jrC-MS  analyses  only  on  three  to  four  samples 
per  8-hour  shift  on  a  single  instrument.  Today,  scientists  can 
routinely  perform  analyses  at  four  times  that  volume. 

The  increases  in  the  power  and  cost-efficiency  of  (jC-MS 
analysis  are  partly  a  result  of  improvements  in  methods  and  pro¬ 
cedures.  Sample  preparation  procedures  are  a  good  example.  As 
a  first  step  in  subjecting  an  environmental  sample  to  CK)-MS 
analysis,  a  scientist  prepares  an  extract  of  the  sample  by  isolat¬ 
ing  the  compounds  of  interest  and  then  removing  the  compounds 
that  are  not  of  interest.  The  latter  potentially  could  interfere 
with  the  detection  and  measurement  of  the  target  chemicals  by 
the  GC-MS.  Over  the  past  two  decades,  the  methods  used  to 
prepare  samples  have  been  improved  substantially. 
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Improvements  in  the  power  and  cost-effectiveness  of  GC-MS 
analysis  have  resulted  from  technological  advances — for  ex¬ 
ample,  improvements  in  the  design  of  the  GC  "columns."  In  brief, 
the  GC  "column"  is  a  small-diameter  tube.  After  a  sample  is 
prepared,  a  small  amoimt  of  the  sample  extract  is  injected  into 
the  GC,  where  it  is  rendered  into  its  gaseous  state  and  then  in¬ 
troduced  into  the  GC  column. 

Over  the  last  decade,  msgor  advances  have  been  made  in  the 
design  of  the  GC  columns.  This  improved  technology  is  especially 
useful  to  environmental  analysts.  For  example,  at  some  hazard¬ 
ous  waste  sites  typical  soil  samples  may  contain  many  com¬ 
pounds  with  nearly  the  same  chemical  and  physical  properties, 
such  as  different  types  of  PCBs.  A  modern  GC  allows  laboratory 
technicians  to  analyze  such  samples  more  quickly,  more  ac¬ 
curately,  and  more  cost-effectively. 

Increases  in  the  power  of  GC-MS  also  are  a  result  of  im¬ 
provements  in  mass  spectrometry  (MS)  technology.  The  MS 
provides  the  analyst  with  information  that  not  only  detects  the 
quantity  of  different  compounds  present,  but  also  identifies  those 
compounds  unambiguously. 

Over  the  past  several  years,  advances  in  electronics  have 
improved  the  power  of  MS-detection  capabilities.  The  library  of 
known  fragmentation  patterns,  or  "fingerprints,"  now  contains 
more  than  40,000  entries.  The  computer  software  used  to  match 
the  fingerprints  created  in  the  MS  to  the  automated  library  of 
known  chemical  fragmentation  patterns  has  also  been  improved. 
In  addition,  todays  GC-MS  instruments  are  completely 
automated,  and  computer  controls  allow  the  GC-MS  operator  to 
send  reports  directly  to  the  environmental  inspector  who  re¬ 
quested  the  analysis. 

For  environmental  regulatory  agencies,  which  face  ever¬ 
growing  requirements  to  detect  and  measure  pollution  dischar¬ 
ges  and  ambient  environmental  conditions,  the  advances  in 
GC-MS  technology  translate  into  many  advantages.  Inspectors 
can  obtain  more  accurate  characterizations  of  the  organic  com¬ 
pounds  in  their  samples — at  very  low  levels  of  concentration,  and 
even  in  cases  where  a  single  sample  contains  many  compounds 
that  are  chemically  very  similar  in  structure.  In  addition,  results 
can  be  obtained  more  quickly  and  cost-effectively.  Similar 
benefits  are  being  realized  by  regulated  sources,  who,  for  ex¬ 
ample,  often  rely  on  GC-MS  analyses  as  part  of  their  self¬ 
monitoring  programs. 
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Atomic  Absorption  Instruments 

Atomic  spectroscopy  is  a  method  for  the  identification  and  meas¬ 
urement  of  most  metals  and  metaloids,  such  as  cadmium,  zinc, 
mercury,  and  chromium.  Flame  atomic  absorption  (AA)  is  the 
most  widely  used  spectroscopy  technique. 

The  past  few  years  have  seen  advances  in  the  power  of  the 
technology,  and  AAs  now  can  measure  many  compounds  and  ele¬ 
ments  in  the  10  parts-per-billion  range,  in  comparison  to  the 
early  1970s  when  those  same  substances  could  be  only  measured 
at  approximately  1  part  per  million.  Because  many  metals  and 
metaloids  can  be  very  dangerous  to  humans,  animals,  and  plants 
even  at  exceedingly  low  concentrations,  environmental  agencies 
and  regulated  sources  often  must  measure  low  concentrations. 
For  example,  when  inspectors  obtain  samples  of  wastewater  dis¬ 
charges  from  an  electroplating  facility,  a  common  objective  is  to 
detect  and  measure  the  concentrations  of  chromium  or  other  me¬ 
tals  in  the  discharge  to  determine  how  much  of  the  residue  the 
facility  is  emitting  into  the  sewer.  When  EPA,  a  state  environ¬ 
mental  agency,  or  a  private  company  assess  a  hazardous  waste 
site,  inspectors  need  to  determine  whether  individual  samples — 
such  as  those  drawn  from  unlabeled  drums  stored  at  the  site  or 
from  soil  or  groundwater  at  the  site— contain  metals  or  metal¬ 
oids. 

In  recent  years,  new  AAs  have  been  developed  that  employ 
an  electrothermal  device  in  place  of  a  flame.  For  some  types  of 
analyses,  flame  AAs  can  be  relatively  inefficient  in  desolvating, 
vaporizing,  and  atomizing  the  sample  extract,  for  example,  in 
analyzing  metals  in  oily  wastes.  Electrothermal  AAs  can  detect 
and  measure  some  types  of  metals  at  much  lower  concentrations 
than  flame  AAs,  while  substantially  reducing  the  amount  of  time 
required  to  prepare  samples. 

Other  advances  have  been  made  in  the  design  of  the  radia¬ 
tion  sources  and  the  detectors.  In  addition,  advances  in 
electronics  and  computer  technology  have  increased  the  power  of 
AA  spectroscopy.  Technological  advances  have  helped  environ¬ 
mental  agencies  and  regulated  sources  obtain  accurate  informa¬ 
tion  on  the  presence  and  concentrations  of  metals  in  environ¬ 
mental  samples  in  a  more  cost-efficient  and  timely  way. 


Inductively  Coupled  Plasma  (ICP) 
Spectrometers 

Another  critical  technological  advancement  has  been  the 
development  of  inductively  coupled  plasma  (ICP)  spectrometers, 
which  were  first  available  commercially  in  1974.  For  many  types 
of  inorganic  compounds,  ICPs  offer  advantages  over  modern  AA 
instruments.  The  principal  efficiency  advantage  of  an  ICP  is  its 
ability  to  probe  for  the  presence  of  up  to  S5>40  compounds  in  a 
single  test,  while  an  AA  instrument  typically  is  limited  to  3-5  per 
test.  While  ICP  technology  is  relatively  expensive,  over  the  last 
few  years  the  cost  has  decreased  steadily  and,  on  a  per  sample 
basis,  it  may  be  comparable  in  cost  to  AA  technology.  As  ICP 
technology  continues  to  be  improved,  the  costs  of  Superfund 
cleanups  will  decline,  as  will  other  environmental  activities, 
such  as  compliance  inspections,  that  require  analysts  to  detect 
and  measure  metals  and  metaloids  in  air,  water,  or  soil. 

The  ICP  can  detect  and  measure  some  types  of  compounds 
at  even  lower  concentrations  than  AA.  For  some  extremely 
dangerous  metals,  such  as  some  types  of  dioxins,  the  ICP  allows 
environmental  agencies  to  do  a  better  job  of  identifying  hazards, 
even  when  they  are  caused  by  contamination  at  exceedingly  low 
concentrations. 

The  development  of  ICP  technology  also  is  very  promising 
because  it  offers  certain  types  of  flexibility  that  cannot  be 
achieved  with  AA  instruments.  For  example,  an  ICP  can  ac¬ 
curately  detect  and  measure  individual  substances  in  a  sample 
over  a  range  of  concentrations.  In  fact,  in  a  single  test  to  analyze 
a  single  sample,  an  ICP  can  simultaneously  detect  the  presence 
and  measure  the  concentrations  of  compounds  that  differ  in  con¬ 
centration  by  as  much  as  five  orders  of  magnitude,  for  instance 
from  1  part  per  billion  to  1  part  per  10,000. 
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Other  Advances 

For  the  analysis  of  nutrients,  such  as  nitrogen  and  phosphorous, 
technologies  have  been  developed  to  allow  the  "segmented"  and 
"continuous  flow"  of  samples  into  instruments  such  as 

colorimeters.  As  a  result,  laboratory  staff  now  can  analyze  a 
much  higher  volume  of  samples  in  a  given  time  period,  and  in¬ 
strument  downtime  (for  example,  cleaning  instruments  between 
sample  runs)  has  been  reduced  substantially. 

Technological  advancements  are  projected  in  the  following 
areas: 

■  Identifying  and  quantifying  a  wider  range  of  pol¬ 
lutants.  Even  with  today’s  advanced  techniques,  many 
types  of  pollutants  still  cannot  be  readily  identified  or 
measured.  Refinements  in  technology  and  methods  for  ex¬ 
isting  instruments  continue  to  be  made. 

■  Developing  improved  methods  for  analyzing 
speciHc  characteristics  of  chemicals  of  concern. 
Scientists  need  to  improve  methods  for  identifying  and 
quantifying  chemical  substances  in  particular  regions  of 
soil,  air,  or  water  particles,  such  as  the  surface 
microlayers  of  particulates. 

■  Improving  cost-effectiveness.  Regulatory  agencies 
and  regulated  industries  both  will  benefit  from  continued 
progress  in  developing  instruments  and  methods  that  will 
lower  the  costs  of  performing  analyses  while  maintaining 
acceptable  levels  of  sensitivity,  precision,  and  accuracy. 

For  example,  progress  in  streamlining  sample- 
preparation  techniques  and  developing  computer  software 
to  analyze  data  can  improve  cost-effectiveness.  As  another 
example,  supercritical  fluid  chromatography  (SFC),  a 
measurement  technology  currently  being  developed,  has 
the  potential  to  increase  the  efficiency  of  (X)  analysis  even 
further. 

■  Improving  field-based  techniques.  Substantial 
progress  may  well  be  made  in  developing  improved  field- 
based  detection  and  measurement  methods.  For  example, 
sensitivity,  precision,  and  accuracy  of  field-based  GCs  and 


107 


GC-MSs  could  be  improved  substantially  in  the  1990s. 
Field-based  instruments  can  minimize  downtime  for 
cleanup  personnel  and  equipment,  because  samples  don’t 
have  to  be  sent  off  site  to  laboratories. 

EPA,  a  Tufts  University  researcher,  and  a  private  firm  offer 
another  example.  Recently  the  three  working  together  used  a 
field-based  GC-MS  to  test  supercritical  fluid  extraction,  a  new 
cleanup  technology  in  removing  PCBs  from  contaminated  sedi¬ 
ments  at  a  Superfund  site  in  New  Bedford  Harbor,  Mas¬ 
sachusetts.  The  team  used  the  GC-MS  to  measure  the  amounts 
of  PCBs  in  the  sediments  before  and  after  treatment  by  the  new 
cleanup  technology.  By  using  a  field-based  GC-MS  to  measure 
PCB  removal,  the  team  was  able  to  obtain  results  in  a  matter  of 
minutes,  rather  than  the  days  that  would  have  been  needed  had 
the  samples  been  sent  to  a  regular  laboratory.  This  rapid  turn¬ 
around  enabled  the  team  to  make  a  series  of  adjustments  to  the 
cleanup  technology  and  to  identify  optimal  ways  of  "tuning"  the 
technology  for  maximum  performance.^ 

Other  advances  in  field-based  methods  may  come  in  the 
area  of  fiber  optics.  For  example,  it  is  conceivable  that  accurate, 
robust  methods  will  be  developed  to  use  fiber  optic  probes,  tipped 
with  chemical  sensors  to  measure  subsurface  contamination, 
thus  avoiding  the  need  to  install  monitoring  wells.  In  one  con¬ 
figuration,  for  example,  the  fiber  optic  probes  could  be  coupled  to 
a  fluorescence  instrument  deployed  in  the  field.  That  instrument 
would  analyze  data  obtained  from  the  probes  and  would  enable 
field-based  personnel  to  determine  the  presence  of  various  types 
of  contaminants  in  groundwater. 


Pollutant  Transport  and  Fate 
Modeling 

Over  the  past  20  years,  considerable  effort  has  been  invested  in 
developing  and  refining  environmental  transport  and  fate 
models.  The  basic  objectives  of  these  models  are  to  evaluate  and 
predict  the  transport,  transformation,  and  exchange  of  chemical 
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substances  in  and  among  air,  water,  sediments,  and  land.  En¬ 
vironmental  regulatory  agencies,  researchers,  regulated  sources, 
and  others  use  models  to  support  such  activities  as  evaluating 
how  pollutants  from  a  particular  industrial  facility  or  hazardous 
waste  site  might  travel  through  air,  water,  and  soil.  An  under¬ 
standing  of  transport  and  fate  and  of  modeling  these  processes 
helps  clarify  how  pollutants,  throu^  space  and  time,  reach 
humans  and  other  receptors.* 


Applications 

Since  1970  transport  and  fate  models  have  supported  analytical 
and  decisionmaking  objectives.  For  example,  EPA  uses  models  in 
the  review  process  for  new  chemicals.  Under  the  Toxic  Substan¬ 
ces  Control  Act  (TSCA),  manufacturers  must  obtain  EPA  permis¬ 
sion  to  produce  and  sell  most  new  chemicals.  TSCA  requires 
manufacturers  to  submit  a  "premanufacture  notification"  (PMN) 
to  EPA;  the  agency  then  has  to  decide  whether  to  grant  permis¬ 
sion  for  the  manufacture  and  sale  of  the  chemical,  based  primari¬ 
ly  on  an  assessment  of  the  potential  risks  that  the  chemical 
might  pose  in  the  environment.  In  making  this  assessment,  EPA 
has  to  consider,  among  other  factors,  the  potential  transport  and 
fate  of  the  chemical.  For  its  proposed  commercial  uses,  how 
might  the  chemical  be  released  into  air,  water,  or  land?  If 
releases  were  to  occur,  how  might  the  chemical  be  transported 
and  exchanged  among  air,  water,  and  land?  What  might  be  the 
fate  of  the  substance,  how  might  the  chemical  be  transformed 
into  new  chemical  substances,  and  what  types  of  dangers  might 
that  pose? 

For  new  chemicals,  neither  EPA  nor  the  manufacturer  will 
have  empirical  data  on  the  transport  and  fate  of  the  chemical  in 
the  environment,  because  the  chemical  will  not  yet  be  in  com¬ 
mercial  use.  Accordingly,  EPA  often  uses  transport  and  fate 
models,  among  other  techniques,  to  project  the  potential  be¬ 
havior  of  the  chemical  in  the  environment. 

Transport  and  fate  modeling  also  can  be  used  to  assess  haz¬ 
ardous  waste  sites  and  to  evaluate  potential  effectiveness  of  al¬ 
ternative  cleanup  approaches  at  the  site.  The  people  responsible 
for  evaluating  the  risks  posed  by  a  potentially  dangerous  land- 
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fill — for  example,  government  engineers  or  experts  retained  by 
the  landfill  owner — often  use  transport  and  fate  models  to 
evaluate  the  mobility  of  the  waste,  the  rate  at  which  the  waste 
might  leach  into  an  aquifer  next  to  or  under  the  site,  the  speed  at 
which  the  waste  might  move  through  the  aquifer,  and  the  types 
of  chemical  transformations  that  might  occur. 

In  many  cases,  site  assessors  use  modeling  to  complement  or 
fill  gaps  in  the  monitoring  data  or  to  make  long-term  predictions. 
For  example,  monitoring  data  at  Superfund  sites  typically  are 
collected  over  a  relatively  short  period  of  time,  thus  indicating 
current  site  conditions.  But  estimates  of  long-term  conditions  at 
the  site  are  equally  important.  In  some  situations  pollutant  con¬ 
centrations — in  groundwater,  for  instance — may  well  remain 
constant  over  a  long  period  of  time,  but  often  the  monitoring  data 
cannot  accurately  predict  future  concentrations. 

Transport  and  fate  models  often  can  be  useful  in  making 
such  predictions.  They  also  can  help  site  assessors  determine 
how  to  set  priorities  for  additional  data  gathering.  For  example, 
after  using  a  transport  and  fate  model,  EPA  may  be  able  to  pin¬ 
point  where  wastes  leaching  from  a  hazardous  waste  site  are 
likely  to  be  especially  high.  Thus  EPA  will  be  able  to  design  an 
efficient  monitoring  program  at  the  site.^ 

Transport  and  fate  models  can  be  used  by  regulatory  agen¬ 
cies  to  help  make  siting  and  permitting  decisions.  For  example,  if 
a  company  is  proposing  to  locate  a  new  industrial  facility  on  a 
particular  site,  regulators  need  to  predict  the  movement  and  fate 
of  air  emissions  and  water  discharges  from  the  proposed  facility. 
In  addition,  such  modeling  can  aid  in  identifying  alternative 
locations  for  the  facility  and  in  designing  the  facility  itself. 

Transport  and  fate  modeling  can  help  predict  environmental 
trends  related  to  phenomena  that  cannot  be  readily  measured 
nor  accurately  recreated  or  simulated  in  a  laboratory.  For  ex¬ 
ample,  scientists  at  EPA  use  transport  and  fate  modeling  to  help 
predict  potential  effects  of  different  levels  of  fluorocarbons  on  the 
ozone  layer. 

Researchers  at  a  national  laboratory  have  created  a  system 
to  assist  managers  following  an  accidental  release  of  toxic  chemi¬ 
cals.  Using  real  time  meteorological  data  and  innovative  model¬ 
ing,  it  can  rapidly  predict  the  movement  of  radionuclides  or  toxic 
chemicals  in  the  event  of  an  accidental  release  from  any  of  more 
than  50  federal  sites  linked  to  the  system. 
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Environmental  regulatory  agencies  also  use  transport  and 
fate  models  to  develop  regulations  and  standards.  The  design  of 
a  regulation  or  standard  also  will  have  a  direct  effect  on  the  pol¬ 
lutants  produced.  Transport  and  fate  modeling  can  help  agency 
staff  predict  the  likely  consequences  of  alternatives,  especially  in 
cases  where  the  design  of  a  regulation  or  standard  is  based  on 
predictions  of  human  or  environmental  exposures. 


Key  Developments 

Over  the  past  20  years,  there  have  been  a  variety  of  key  develop¬ 
ments  related  to  transport  and  fate  modeling: 

■  Increased  sophistication.  In  the  1970s  and  1980s  re¬ 
searchers  developed  models  to  help  environmental  agen¬ 
cies  and  private  industry  assess  problems.  At  that  time, 
air  dispersion  models  tended  to  focus  on  the  movement  of 
air  pollutants  over  flat  terrains.  Today,  researchers  are 
developing  models  that  can  predict  the  transport  of  pol¬ 
lutants  over  more  complex  terrains,  such  as  hills  and  val¬ 
leys. 

For  example,  the  Department  of  Energy  (DOE)  At¬ 
mospheric  Studies  in  Complex  Terrain  (ASCOT)  Program 
is  addressing  the  problems  of  transport  and  diffusion  of 
pollutants  in  mountainous  regions  of  the  United  States. 

Researchers  also  have  made  progress  in  the  develop¬ 
ment  of  accurate  two-phase  flow  models.  Among  other 
things,  such  models  help  researchers  predict  the  subsur¬ 
face  movement  and  dispersion  of  gasoline,  which  essen¬ 
tially  "floats"  on  top  of  groundwater  and  which,  in  some 
circumstances,  can  flow  in  a  direction  opposite  to  the 
groundwater.  Progress  also  has  been  made  in  the  develop¬ 
ment  of  models  that  predict  the  transport  and  fate  as¬ 
sociated  with  episodic  pollution  releases.  Such  events  can 
include  accidental  releases  from  ruptured  high-pressure 
tanks  at  refineries;  releases  arising  from  breaks  of  con¬ 
tainment  mechanisms,  such  as  landfill  liners;  and 
releases  of  dense  materials,  such  as  smoke  from  industrial 
fires. 
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■  Applicability  to  a  broader  range  of  pollution  sour¬ 
ces.  Models  now  are  better  at  predicting  the  transport 
and  fate  of  pollutants  from  small  dispersed  sources  such 
as  urban  runoff,  which  can  be  oil  and  grease  from  streets 
and  parking  lots  that  is  swept  into  streams  and  rivers  by 
heavy  rain.  Agricultural  runoff  may  contain  pollutants, 
such  as  pesticides  that  are  washed  from  fields  into  rivers 
during  rainstorms. 

■  Consideration  of  a  more  complete  set  of  environ¬ 
mental  settings.  Models  that  help  describe  the 
mechanisms  by  which  pollutants  enter  into  and  travel 
along  the  food  chain  have  been  improved.  They  now  can 
help  explain  how  pollutants  are  transported  from  the  air 
into  soil  and  subsequently  into  food  crops,  how  they  are 
transformed  within  those  crops,  and  how  long  they  per¬ 
sist. 

■  Development  of  multimedia  models.  More  powerful 
multimedia  models — models  that  examine  how  pollutants 
move  among  air,  water,  and  soil — are  now  available.  For 
example,  models  can  now  examine  how  pollutants  that  are 
initially  discharged  into  the  air  can  adhere  onto  airborne 
particulates  and  fall  into  lakes  and  rivers.  Accurate  multi- 
media  models  are  needed,  because  many  key  environmen¬ 
tal  problems — for  example,  acid  rain — involve  movements 
of  pollutants.  In  addition,  environmental  regulators  are 
becoming  increasingly  aware  of  the  need  to  avoid  tech¬ 
nological  "solutions"  that  simply  take  pollutants  out  of  one 
environmental  medium,  such  as  the  air,  and  move  them 
into  another,  such  as  groundwater,  where  they  can  pose 
human  health  or  ecological  risks. 

■  Increased  use  in  the  design  of  regulations  and 
standards.  In  recent  years,  modeling  has  been  used  in 
regulatory  and  standard-setting  processes,  such  as  the 
development  of  new  waste  characterization  rules  imder 
the  Resource  Conservation  and  Recovery  Act  (RCRA).  One 
example  is  the  EPA  effort  to  revise  and  expand  the  RCRA 
toxicity  characteristic  rule  that  defines  wastes  subject  to 
regulations.^ 
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EPA  developed  the  "EPA  Composite  Model  for 
Landfills"  (EPACML)  to  support  the  rulemaking  process. 
The  model  analyzes  alternatives  and  helps  shape  the 
process  by  which  niimerical  standards  are  set.  It  has  be¬ 
come  a  focus  of  the  rulemaking  process.  EPA  published 
the  specifications  for  the  model  in  the  Federal  Register 
and  formally  solicited  comments.  The  agency  received 
himdreds  of  comments  from  industry  and  elsewhere,  and 
the  model  has  been  revised  accordingly.  Revisions  have 
led  to  a  recasting  of  some  proposed  regulatory  limits. 

■  Improved  and  more  widely  available  computa¬ 
tional  tools.  The  past  20  years  witnessed  a  revolution  in 
information  technology.  IVansport  and  fate  computer 
models  now  can  take  advantage  of  extraordinary  advances 
in  the  availability  of  computing  power.  The  speed  of  com¬ 
putation  has  improved  considerably;  the  hardware  has  be¬ 
come  progressively  more  compact  and  accessible;  software 
has  become  more  powerful;  and  computing  costs  have 
gone  down.  In  addition,  the  easier  availability  of  comput¬ 
ing  technology  has  encouraged  large  numbers  of  in¬ 
dividuals  with  a  variety  of  technical  skills  to  become 
involved  in  model  development. 

■  Increased  availability  of  monitoring  data.  Develop¬ 
ing,  testing,  refining,  and  validating  transport  and  fate 
models  require  actual  monitoring  data.  Such  data  often 
are  used  to  test  a  model’s  predictive  capabilities  and  to  ad¬ 
just  and  refine  its  equations.  The  technology  used  to 
detect  and  accurately  measure  pollutants  at  relatively  low 
levels  of  concentrations  has  evolved  to  such  an  extent  that 
models  now  are  capable  of  analyzing  the  transport  and 
fate  of  highly  toxic  compounds  like  dioxins. 
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Over  the  past  20  years,  the  United  States  has  made  substantial 
progress  developing  pollution  control  technologies  that  improved 
(1)  as  Congress  enacted  laws  mandating  improvements,  (2)  as 
firms  decided  to  control  pollution  in  response  to  increasing  costs 
for  residuals  management  and  concerns  about  potential  liabil¬ 
ities,  and  (3)  as  an  environmental  service  sector  developed  in 
response  to  increasing  opportunities. 

One  indication  of  this  coirntr^s  commitment  to  reducing  pol¬ 
lution  is  the  increasing  amount  of  resources  devoted  to  control 
technologies.  In  1975  the  United  States  spent  about  $30  billion 
on  pollution  abatement  and  control  expenditures.  By  1986  the 
amount  had  increased  by  about  250  percent  to  almost  $78  bil¬ 
lion.  Even  after  adjusting  for  inflation,  the  increase  was  about  38 
percent.®  Human  resources  as  well  as  money  are  being  devoted 
to  pollution  control.  For  example,  the  number  of  graduate  stu¬ 
dents  enrolled  in  environmental  science  programs  has  increased 
by  about  20  percent  since  1975.® 

Twenty  years  ago  the  environmental  service  sector  was  com¬ 
prised  almost  entirely  of  small  local  firms  that  collected  and  dis¬ 
posed  of  solid  waste  and  of  engineering  firms  that  designed  and 
constructed  wastewater  treatment  plants.  Today  the  environ¬ 
mental  service  industry  has  revenues  of  over  $30  billion  per  year 
and  is  growing  at  an  annual  compound  rate  of  15-20  percent  per 
year.^  Large  national  firms  now  collect  and  dispose  of  hazardous 
and  solid  wastes,  generating  attendant  revenues  of  about  $20 
billion  per  year,  and  solid  waste  recycling  and  incineration 
generates  revenues  of  about  $5  billion  per  year. 

Past  waste  management  practices  in  some  places  resulted  in 
contaminated  landfills,  impoundments,  and  aquifers.  The  es¬ 
timated  cost  of  remediating  such  problems  has  been  estimated  at 
over  $200  billion.  By  beginning  the  cleanup  of  these  problems, 
the  hazardous  waste  remediation  business  generates  revenues  of 
over  $2  billion  per  year.  Analytical  laboratories  providing  the 
testing  services  required  under  many  environmental  statutes 
generate  revenues  of  about  $1  billion  per  year  while  environmen¬ 
tal  consulting  and  engineering  firms  do  about  $2  billion  per  year 
in  business.® 
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Electric  Utility  Air  Pollution  Control 

Air  pollution  control  technology  for  fossil-fueled  electric  utility 
power  plants  is  a  good  example  of  how  new  methods  are  being 
applied  to  solve  environmental  problems.  Improved  technologies 
now  provide  reliable  and  proven — althou^  in  some  cases  very 
expensive — options  for  the  control  of  sulfur  dioxide,  nitrogen 
oxides,  and  particulate  emissions.  Numerous  systems  have  been 
back-fitted  onto  existing  power  plants.  The  growing  complexity 
and  cost  of  the  systems  have  stimulated  efforts  to  develop  in¬ 
novative  technologies  with  inherently  less  emissions.  In  short, 
the  electric  utility  industry  has  available  the  greatest  number  of 
potential  control  options  and  new  generating  approaches  in  its 
history. 

The  principal  emissions  control  technology  for  sulfur  dioxide 
is  flue  gas  desulfurization  or  "scrubbing."  Scrubbing  removes  sul¬ 
fur  dioxide  gases  via  a  series  of  chemical  reactions  between  the 
sulfur  dioxide  gases  in  the  power  plant’s  flue  gases  and  a  water 
limestone  slurry.  The  reactions  produce  a  wet  gypsum/water 
waste  stream  that  usually  is  dewatered  and  landfilled.  The  reac¬ 
tion  occurs  in  a  large  tower  vessel  located  near  the  point  where 
the  flue  gas  enters  the  plant’s  smokestack.  The  flue  gas  is 
diverted  to  the  tower  where  the  water  limestone  slurry  is 
dropped  onto  it,  "scrubbing"  away  up  to  90  percent  or  more  of  the 
sulfur  dioxide.  Thereafter,  the  flue  gases  are  sent  to  the  stack, 
and  the  sulfur  wastes  are  removed  from  the  bottom  of  the  stack 
in  a  wet  state. 

In  the  1960s  utility  scrubbers  had  not  yet  been  demon¬ 
strated  with  the  reliability  and  performance  needed  by  the 
electric  utility  industry.  In  the  1970s  scrubbers  emerged  from  the 
pilot  and  small-scale  testing  stage  to  full-scale  commercial  ap¬ 
plication,  but  the  first  generation  of  systems  experienced 
reliability  and  performance  problems. 

Twenty  percent  of  the  coal-fired  utility  power  plant  capacity 
in  the  United  States  currently  treats  flue  gas  with  scrubbers. 
Today  all  new  utility  coal-fired  power  plants  have  scrubbers  that 
operate  reliably;  they  remove  up  to  95  percent  or  more  of  the  sul¬ 
fur  dioxide  in  flue  gases.  In  part,  because  of  scrubbers,  emissions 
of  sulfur  oxides  from  electric  coal-fired  utilities  have  declined  by 
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about  10  percent  over  the  last  two  decades,®  while  total  power 
generated  from  these  utilities  has  almost  doubled.  Although 
scrubbers  are  an  effective  method  of  removing  sulfur  dioxide, 
their  primary  drawbacks  are  high  cost,  the  need  for  greater 
electricity  generation  to  operate  them,  and  sludge  disposal.  Con¬ 
sequently,  the  DOE  Clean  Coal  Program  is  helping  to  develop 
new  pollution  control  technologies  with  the  potential  to  remove 
sulfur  dioxide  more  efficiently  and  economically. 

The  principal  nitrogen  oxide  control  technologies  in  use 
today  in  the  United  States  are  relatively  inexpensive  modifica¬ 
tions  of  furnace  and  combustion  systems.  Modifying  the  systems 
can  reduce  nitrogen  oxide  formation  by  approximately  40-60  per¬ 
cent.  Relative  to  the  1960s,  combustion  modifications  have  im¬ 
proved  significantly.  Nitrogen  oxide  scrubbing,  which  has  the 
potential  for  reductions  of  up  to  90  percent,  has  emerged  recently 
as  a  possible  control  option  for  electric  utility  power  plants.  In 
the  last  three  years,  nitrogen  oxide  scrubbers  have  been  in¬ 
stalled  at  some  new  U.S.  oil-and  natural  gas-fired  utility  power 
plants.  Such  scrubbers  are  being  tested  for  the  first  time  on  coal- 
fired  power  plants  in  the  United  States,  and  they  have  been  used 
at  coal-fired  plants  in  Europe  and  Japan.  However,  the  high  cost 
of  nitrogen  oxide  scrubbers  deters  their  widespread  use  in  the 
United  States. 

Particulate  emissions  control  technology  is  more  mature,  ef¬ 
ficient,  and  widely  used  than  controls  for  either  sulfur  dioxide  or 
nitrogen  oxides.  For  decades  most  coal-fired  power  plants  have 
been  built  with  mechanical  collectors  that  controlled  about  40-60 
percent  of  a  plant’s  particulate  emissions.  Over  the  last  20  years, 
all  power  plants  have  added  more  efficient  control  systems,  such 
as  electrostatic  precipitators  and  fabric  filters,  that  remove  up  to 
99.9  percent  of  a  plant’s  emissions.  Because  of  such  control  sys¬ 
tems,  total  particulate  emissions  from  electric  utilities  have 
declined  by  about  one-sixth  from  1970  to  1986.^® 

In  the  past  decade,  the  cumulative  effects  of  the  back-fitting 
of  complex  and  costly  control  systems,  each  designed  for  an  in¬ 
dividual  pollutant,  have  contributed  to  the  development  of  in¬ 
tegrated  technologies,  such  as: 

•  Fluidized  Bed  Combustion  (FBC)  boilers  control  both 
nitrogen  oxide  and  sulfur  dioxide  formation  in  the  boiler 
fiirnace. 
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•  Integrated  Gasification  Combined  Cycles  (IGCC) 
convert  coal  to  natural  gas,  after  which  the  sulfur  and 
particulate  matter  is  removed.  Nitrogen  oxide  formation 
is  reduced  relative  to  conventional  coal-fired  power 
plants,  since  the  gas  is  humed  in  a  turbine. 


Automobile  Air  Pollution  Control 

Spurred  by  the  enactment  of  the  Clean  Air  Act  Amendments  of 
1970,  which  set  emissions  standards  for  automobiles  beginning 
with  the  1973  models,  manufacturers  have  developed  and 
deployed  technologies  that  have  led  to  substantial  declines  in 
emissions  from  passenger  cars.  Between  the  1960s  and  the  late 
1980s,  emissions  of  hydrocarbons  and  carbon  monoxide  have 
declined  by  about  96  percent  per  mile  traveled;  total  transporta¬ 
tion  hydrocarbons  were  cut  in  half  even  though  vehicle  travel 
nearly  doubled  during  the  same  period;  nitrogen  oxide  emissions 
declined  by  about  76  percent  per  mile  traveled.^^  Finally,  and 
perhaps  most  significantly  for  the  environment,  engines  have 
been  developed  that  are  not  dependent  on  tetraethyl  lead  as  a 
fuel  additive.  As  a  result,  lead  emission  from  vehicles  has 
decreased  by  almost  99  percent  in  the  past  two  decades. 

Air  pollution  control  devices  for  automobiles  are  designed  to 
eliminate  the  chemical  compounds  that  escape  from  the  engine 
crankcase,  from  the  exhaust,  and  from  evaporation  of  fuel  from 
the  fuel  tank  and  carburetor.  Today,  with  the  growing  use  of  on¬ 
board  computers,  car  manufacturers  can  help  meet  federal  emis¬ 
sions  standards  by  using  electronic  engine  controls  to  monitor 
operating  conditions  and  adjust  engine  calibrations  for  the  best 
possible  performance  and  economy. 

In  1963  automobile  manufacturers  introduced  the  first  com¬ 
ponent  of  today’s  control  system:  the  positive  crankcase  ventila¬ 
tion  (PCV)  system.  Exhaust  gases  that  escape  past  the  piston 
rings  into  the  crankcase  are  prevented  from  escaping  into  the  at¬ 
mosphere  by  the  PCV  system,  which  draws  the  gases  into  the  en¬ 
gine  and  bums  them.  Thus  the  PVC  system  reduces  the  emission 
of  volatile  organics  (VOCs)  from  automobiles. 
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In  1971  the  first  engines  designed  to  bum  unleaded  fuels 
were  introduced.  Those  engines  gained  increasing  market 
penetration,  and  today  all  newly  manufactured  engines  bum 
lead-free  gasoline. 

In  1974  automobile  manufacturers  introduced  catalytic  con¬ 
verters,  which  limit  emissions  of  NOx,  VOCs,  and  carbon 
monoxide.  Two  main  t3T)es  of  catal3rtic  converters  are  typically 
used.  The  first  is  an  oxidation-type  converter  that  uses  platinum 
and  palladium  to  facilitate  the  combustion  of  hydrocarbons  (HC) 
and  carbon  monoxide  (CO)  emissions.  Oxidation  converters  do 
not  operate  unless  sufficient  oxygen  is  in  the  exhaust  stream. 
The  necessary  ojQrgen  is  provided  by  either  an  air  pump  system 
or  a  pulse  air-type  system.  The  second  type  of  converter  is  a 
three-way  catalyst,  which  contains  platinum  and  rhodium  in  the 
front  part  of  the  converter  to  reduce  NOx  emissions,  while 
platinum  and  palladium  are  used  in  the  rear  section  to  oxidize 
the  hydrocarbons  and  carbon  monoxide. 


Hazardous  Waste  Control  and 
Remediation 


Control  and  remediation  technologies  for  hazardous  waste  have 
been  improved  substantially  over  the  past  20  years.  In  1970  solid 
and  semisolid  wastes  that  now  would  be  classified  as  hazardous 
wastes  were  usually  placed  in  unlined  landfills,  while  liquid  was¬ 
tes  were  placed  in  impoundments,  and  neither  landfills  nor  im¬ 
poundments  were  sited  to  minimize  environmental  effects.  Those 
facilities  did  not  collect  leachate,  and  they  did  not  monitor  the 
groundwater  to  detect  leakage.  After  the  useful  life  of  the  facility, 
owners  often  walked  away  without  a  proper  closing. 

TDday’s  land  disposal  facilities  are  much  improved.  Wastes 
are  not  just  dumped  in  the  ground;  they  are  placed  into  facilities 
with  synthetic  liners  that  hold  wastes  inside  the  facility  and 
with  leachate  collection  systems  that  keep  hydraulic  pressure 
from  building  and  rupturing  the  liners.  Such  facilities  also 
monitor  groundwater  to  detect  leaks.  Finally,  because  of  EPA 
regulations,  many  wastes  now  are  treated  prior  to  their  emplace¬ 
ment  in  land  disposal  facilities  to  limit  the  mobility  of  the  waste 
and  reduce  its  toxicity. 
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Not  only  is  land  disposal  safer,  but  treatment  alternatives 
have  been  developed  that  change  the  character  of  waste  to 
render  it  less  hazardous  or  nonhazardous,  or  that  reduce  the 
volume  of  the  waste.  Incineration  is  one  such  form  of  treatment. 
It  is  a  thermal  process  primarily  used  to  bum  organic  liquids 
and  sludges.  Modem  incinerators  can  remove  or  destroy  over 
99.99  percent  of  the  principal  hazardous  organic  constituents  of 
a  waste  stream.  Other  treatment  technologies,  like  neutraliza¬ 
tion  to  adjust  the  pH  of  a  waste,  precipitation  to  remove  heavy 
metals,  and  stabilization  to  prevent  hazardous  constituents  from 
leaching  out,  also  are  used  widely. 

Although  modem  waste  management  technologies  are  com¬ 
paratively  nonpolluting,  past  practices  left  a  legacy  of  con¬ 
tamination  to  be  remediated.  Fortimately,  progress  in  developing 
remediation  technologies  has  been  considerable.  In  1970,  be¬ 
cause  few  people  understood  that  groundwater  could  be  contam¬ 
inated,  little  attempt  was  made  to  clean  it.  Today  well- 
established  methods  are  used  to  delineate  the  extent  of  con¬ 
taminated  groundwater  plumes,  determine  the  optimal  number 
and  configuration  of  withdrawal  wells,  and  treat  the  con¬ 
taminated  groundwater  to  remove  pollutants. 

Methods  for  controlling  the  source  of  the  groundwater  con¬ 
tamination  also  have  improved.  In  the  early  days  of  Superfund, 
pollution  control  at  a  Superfund  site  usually  was  limited  to  cap¬ 
ping  the  soil — covering  it  with  a  clay  cover  to  limit  infiltration  of 
rainwater  and  thus  reduce  leaching  from  the  soil  into  the 
groundwater.  Unfortunately,  capping  was  not  a  permanent 
remedy;  it  did  little  to  reduce  the  toxicity  or  the  mobility  of  the 
waste  stream. 

Remediation  managers  can  now  select  from  technologies  like 
solvent  extraction,  solvent  washing,  biological  degradation,  in- 
situ  vitrification,  soils  washing,  liquid/solid  contact  digestion, 
in-situ  stabilization,  and  ultraviolet/oxidation  treatment  for  li¬ 
quids. 
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Research  and  Development: 
Directions  and  Funding 

In  the  field  of  research  and  development  (R&D),  public  agencies 
are  working  with  private  firms,  and  nations  are  working 
together  to  improve  technological  capabilities. 


Public  and  Private  Sector  Partnerships 

Tb  fully  address  environmental  problems,  all  sectors  of  the 
economy — including  the  private  sector,  academia,  and  govern¬ 
ment — ^need  to  research  and  develop  innovative  pollution  control 
technologies.  In  many  cases,  partnerships  among  the  different 
sectors  achieve  innovations.  When  the  modem  environmental 
movement  began  20  years  ago,  few  mechanisms  existed  to  en¬ 
courage  or  facilitate  such  partnerships.  By  1989  that  situation 
had  changed. 


Joint  Laboratory-Based  Research 

The  Federal  Technology  Transfer  Act  (FTTA)  enacted  in  1986, 
created  substantial  new  authorities  and  opportunities  to  help 
pollution  control  agencies,  such  as  EPA,  work  collaboratively 
with  the  private  sector.  The  law  authorizes  federal  agencies  to 
enter  into  cooperative  ventures  with  private  industry,  univer¬ 
sities,  and  others  to  research,  develop,  and  commercialize  new 
pollution  control  technologies.^^  The  mechanisms  for  encourag¬ 
ing  collaboration  include: 

■  Resource  sharing.  Under  the  FTTA,  federal  agencies 
such  as  EPA  can  accept  funds,  services,  and  property  from 
collaborating  parties,  such  as  private  firms,  within  the 
terms  of  the  cooperative  venture.  For  example,  private 
firms  engaged  in  a  research  project  with  EPA  can  provide 
funds  or  staff  to  the  agency.  EPA  also  is  authorized  to  pro¬ 
vide  resources  (but  not  funds)  to  collaborating  parties  to 
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help  develop  or  commercialize  a  new  technology  of  benefit 
to  the  environment.  Under  this  authority,  for  example, 
EPA  scientists  can  work  in  the  laboratories  of  a  private 
firm. 

■  Licensing  agreements.  The  FTTA  enables  EPA  to 
grant,  in  advance,  licenses  to  patents  on  inventions  made 
by  federal  employees  as  part  of  a  collaborative  effort.  In 
addition,  the  law  allows  EPA  to  negotiate  and  issue  patent 
licenses  on  inventions  the  government  owns,  which  is  use¬ 
ful,  for  example,  when  a  private  firm  interested  in  an  ex¬ 
isting  invention  wants  to  develop  it  further. 

■  Royalties.  In  some  cases,  the  licensing  agreement  can 
provide  for  an  exclusive  license  to  use  government-owned 
inventions  and  for  royalties  to  be  paid  by  the  licensee.  In 
those  cases,  the  law  provides  for  such  royalties  to  be  paid 
to  the  participating  agency,  and  at  least  50  percent  of 
those  royalties  must  be  allocated  to  the  participating 
laboratory  or  division.  In  addition,  the  law  requires  a 
direct  pa3nnent  of  at  least  15  percent  of  the  royalties 
directly  to  the  government  employee-inventor(s)  up  to  a 
limit  of  $100,000  per  employee  per  year.  Within  EPA,  the 
percentage  of  the  royalties  allocated  to  the  employee-in- 
ventor(s)  is  35  percent,  and  the  remaining  65  percent  of 
the  royalties  go  to  the  laboratory  or  division.^® 

In  the  short  time  since  the  FTTA  has  been  in  place,  EPA  has 
initiated  six  collaborative  projects,  and  another  10-15  are  being 
negotiated.  EPA  collaborative  efforts  currently  underway  or 
being  negotiated  cover  a  range  of  functional  areas,  such  as  field- 
based  monitoring  instrumentation,  biotechnology,  and  commer¬ 
cialization  of  a  state-of-the-art  atmospheric  test  chamber.  For 
example,  a  Swedish  firm  is  paying  EPA  $50,000  per  year  to  help 
fund  work  being  performed  in  the  EPA  Air  and  Energy  Research 
Laboratory  in  Research  Triangle  Park,  North  Carolina.  The 
laboratory  is  working  to  improve  pollution  control  technologies 
for  power  plants.  If  successfully  developed,  the  technologies  will 
be  used  in  conjunction  with  the  Swedish  firm’s  existing  pollution 
control  equipment,  currently  in  place  in  many  power  plants.^^ 
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The  EPA  Gulf  Breeze  Environmental  Research  Laboratory  is 
working  in  cooperation  with  a  private  U.S.  firm  that  is  develop¬ 
ing  a  new  microorganism  to  biodegrade  chemicals  such  as 
creosotes  and  some  types  of  organic  contaminants.  The  company 
is  small  and  lacks  the  equipment  and  personnel  to  support  field- 
testing  and  other  developmental  procedures.  Consequently,  it  is 
paying  the  EPA  Gulf  Breeze  Laboratory  $70,000  to  evaluate  and 
field-test  a  new,  less  expensive  technology  to  clean  up  con¬ 
taminated  water  and  soils. 

EPA  also  is  working  cooperatively  with  a  New  Mexico  firm  to 
develop  a  new  field-based  detection  technology  based  on  fiber  op¬ 
tics.  Fiber  optic  probes,  tipped  with  sensors  that  fluoresce  in  the 
presence  of  specific  chemicals,  can  detect  the  presence  of  selected 
pollutants  beneath  the  ground  without  the  use  of  expensive 
monitoring  wells.  The  firm  has  substantial  expertise  in  fiber  op¬ 
tics  technology,  but  it  needed  EPA  expertise  in  developing  chemi¬ 
cal  sensors  and  using  fiber  optics  in  environmental  applications. 
The  agency  has  assigned  a  staff  scientist  to  work  in  the  EPA  Las 
Vegas  Environmental  Monitoring  Systems  Laboratory,  and  the 
company  reimbiurses  EPA  for  the  scientist’s  salary. 

Technology  Innovation  in  Superfund 

In  the  first  several  years  of  the  Superfund  program,  EPA  en¬ 
countered  difficulties  encouraging  the  development  of  innovative 
cleanup  technologies.  Private  sector  technology  developers  also 
faced  obstacles  in  trying  to  introduce  new  technologies  into  the 
Superfund  cleanup  process. 

EPA  decisionmakers  for  Superfund  sites  tend  to  select 
cleanup  technologies  that  have  been  tested  fully.  Tb  develop  suf¬ 
ficient  data,  a  company  needs  actual  field  conditions  to  test  a 
new  technology,  and  the  only  place  to  do  that  is  at  a  Superfund 
site. 

Td  help  address  this  problem,  the  Superfund  Innovative 
Technology  Evaluation  (SITE)  Program  was  established  in  1986, 
as  mandated  by  the  Superfund  Amendments  and  Reauthoriza¬ 
tion  Act  (SARA).  The  purpose  of  SITE  is  to  accelerate  the 
development  and  use  of  innovative  cleanup  technologies  at  haz¬ 
ardous  waste  sites. 
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SITE  Emerging  Technologies  Program 

Under  the  Emerging  Technologies  portion  of  the  SITE  Program, 
EPA  has  entered  into  cooperative  agreements  with  developers  of 
promising  new  technologies,  including  private  sector  technology 
companies  and  public  or  private  universities.  EPA  and  the 
developer  test  the  technologies  under  controlled  conditions.  EPA 
provides  the  testing  protocols  and  shares  in  the  cost  of  the  test¬ 
ing,  providing  up  to  $150,000  per  year  for  two  years  or  up  to  70 
percent  of  the  cost  of  the  testing  program.^® 

In  1989  the  Emerging  Technologies  Program  tested  14  new 
technologies  and  considered  17  others.^®  The  program  already 
has  yielded  results.  One  example  being  developed  by  another 
New  Mexico  company  uses  biological  processes  to  remove  metals 
like  lead,  mercury,  cadmium,  and  chromium  from  groundwater 
and  surface  water.  The  technology  can  be  used  by  cleanup  teams 
at  hazardous  waste  sites,  and  by  electroplating,  metal  finishing, 
and  printed  circuit  board  manufacturing  industrial  facilities  to 
treat  rinse  waters. 

Heavy  metals  can  be  removed  from  water  by  passing  the  liq¬ 
uid  through  a  silica  gel  polymer.  Certain  types  of  metals  have  a 
natural  affinity  to  be  absorbed  out  of  the  water  and  to  attach  to 
the  surface  of  the  polymer  particles,  where  they  are  immobilized. 

The  firm  developed  the  process  and  then  requested  that  EPA 
help  test  and  prepare  it  for  commercialization.  EPA  consequently 
fimded  a  large  portion  of  the  costs  of  testing  the  process  on  mer¬ 
cury-contaminated  groundwater  at  a  hazardous  waste  site  in 
Oakland,  California,  in  the  fall  of  1989.  The  results  of  the  test 
were  encouraging,  and  the  technology  is  being  commercialized. 

In  some  situations,  the  process  may  be  less  costly  than  other 
processes  for  treating  metal-contaminated  liquids.  If  so,  it  can 
help  reduce  costs  of  Superfiind  cleanups  and  provide  industrial 
facilities  a  cost-effective  means  of  treating  rinse  waters.  In  con¬ 
trast  to  most  other  biological  recovery  systems,  the  new  process 
is  efficient  in  removing  heavy  metals  from  "hard"  water.^’ 

Another  promising  new  technology  is  a  wetlands-based 
treatment  process  for  removing  metals  from  acidic  drainage  from 
metal  and  coal  mines.  Acidic  mine  drainage,  a  type  of  liquid 
waste  that  typically  contains  high  metal  concentrations,  is  acidic 
in  nature.  Such  waste  often  drains  into  wetlands  near  mines  and 
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contaminates  surface  streams  used  for  drinking  water.  A  wet- 
lands-based  treatment  process  being  developed  by  the  Colorado 
School  of  Mines  is  based  on  a  microbial  process  that  operates  in 
the  soil  beneath  contaminated  wetlands. 

Tests  performed  to  date  by  EPA  and  the  Colorado  School  of 
Mines  imder  the  SITE  Emerging  Technologies  Program  have 
been  encouraging.  A  pilot-scale  system  has  been  built  to  assess 
the  effectiveness  of  technology  in  treating  effluent  from  the  Big 
Five  Tunnel,  a  mine  near  Idaho  Springs,  Colorado,  from  which 
substantial  amounts  of  acid  mine  drainage  have  contaminated 
drinking  water  supplies.  Tests  indicated  that  the  technology 
promises  substantial  reductions  in  acidity;  initial  results  showed 
an  ability  to  raise  pH  from  2.9  to  6.5.  Zinc,  cadmium,  aluminum, 
and  lead  contamination  may  be  reduced  by  90-100  percent,  and 
copper  contamination  may  be  reduced  below  measurable  levels. 
The  treatment  also  may  reduce  the  costs  of  cleaning  up  sites  con¬ 
taminated  with  acid  mine  drainage.  Preliminary  data  suggest 
that  the  costs  of  using  the  technology  could  be  as  low  as  20  per¬ 
cent  of  current  costs.^® 

The  Department  of  the  Interior  (DOI)  Bureau  of  Mines  has  a 
research  program  in  which  wetlands  are  constructed  for  the  pur¬ 
pose  of  treating  acid  mine  drainage.  The  wetlands  provide  a  low- 
cost,  low-maintenance  biological  treatment  as  an  alternative  to 
costly  conventional  chemical  treatments.  More  than  300  of  the 
new  wetlands  are  now  in  use.  Research  focuses  on  wetlands 
treatment  mechanisms,  long-term  wetlands  performance,  op¬ 
timum  wetlands  design  criteria,  and  biological  treatment  proces¬ 
ses. 

Another  example  is  the  "solvent  washing"  process  being 
developed  by  an  Alabama  firm.  Solvent  washing  is  a  method  of 
cleaning  soils  contaminated  with  certain  types  of  organic  com¬ 
pounds  such  as  PCBs  and  dioxins.  The  process  is  analogous  to 
dry-cleaning  clothing.  A  large  "contactor"  is  used  to  mix  con¬ 
taminated  soils  with  a  solvent.  The  mixture  is  agitated,  usually 
for  an  hour,  and  the  organic  contaminants  are  drawn  out  of  the 
soil  and  dissolved  in  the  solvent.  The  solvent  containing  the  dis¬ 
solved  organic  contaminants  is  then  drawn  off  and  separated 
from  the  soil.^®  The  solvent  from  each  wash  is  delivered  to  a 
reclamation  system,  where  it  is  distilled.  As  a  result  of  distilla¬ 
tion,  the  organic  contaminants  are  concentrated  into  a  heavy 
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sludge,  or  "still  bottom."  The  still  bottom  can  be  further  treated 
off  or  on  site  depending  on  economics  and  other  considerations. 

Solvent  washing  offers  several  advantages  for  hazardous 
waste  site  cleanups.  Liquid  discharges  are  limited  to  non-contact 
cooling  water  (that  is,  water  used  for  cooling  purposes  that  does 
not  have  any  contact  with  solvents  or  soil),  and  water  that  is  ini¬ 
tially  present  in  the  soil.  When  the  latter  is  discharged,  it  is 
clean  and  typically  does  not  require  additional  treatment  before 
being  released  back  into  the  environment. 

Unlike  high-temperature  processes  such  as  incineration,  sol¬ 
vent  washing  does  not  alter  the  basic  structure  of  the  soil.  Conse¬ 
quently,  cleaned  soil  is  suitable  for  sustaining  vegetation.  In 
addition,  the  solvent  washing  equipment  is  mobile  (which  can 
result  in  substantial  cost-savings  for  site  cleanups),  operates  at 
low  temperatures  (which  reduces  hazards  to  workers  at  the  site), 
is  totally  enclosed  (producing  virtually  no  air  emissions),  and 
generates  few  residual  wastes.  Accordingly,  this  technology  holds 
substantial  promise  for  helping  simplify  and  reduce  the  costs  of 
cleanups  of  hazardous  waste  sites  contaminated  with  PCBs, 
dioxins,  and  other  organic  compoimds.^ 

SITE  Demonstration  Program 

After  initial  results  are  evaluated  under  the  Emerging  Tech¬ 
nologies  Program,  a  new  technology  is  ready  for  a  field 
demonstration.  Through  the  SITE  Demonstration  Program,  EPA 
selects  sites  at  which  the  technology  will  be  tested  and  gives  the 
developer  access  to  the  site.  Demonstrations  are  conducted  at 
hazardous  waste  sites,  usually  Superfund  sites,  or  under  condi¬ 
tions  that  closely  simulate  actual  wastes  and  conditions,  to  as¬ 
sure  the  accuracy  and  reliability  of  the  information  collected. 

Developers  are  responsible  for  transporting  the  equipment 
to  the  site,  operating  the  equipment  on  site  during  the 
demonstration,  and  removing  the  equipment  from  the  site.  EPA 
is  responsible  for  project  planning,  sampling,  analysis,  quality 
assurance,  quality  control,  preparing  reports,  and  disseminating 
the  results  of  the  tests.  If  the  developer  is  unable  to  obtain 
financing  elsewhere,  EPA  may  consider  bearing  a  greater  portion 
of  the  total  project  cost.*^ 
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To  encourage  general  use  of  successful  technologies,  EPA 
prepares  a  series  of  reports  that  document  results  from  the  field 
tests.  The  agency  also  evaluates  all  available  information  on  the 
specific  technology  and  analyzes  its  applicability  to  different 
types  of  sites.  Those  reports  are  published  and  distributed  to  the 
user  community  to  provide  reliable  technical  data  for  Superfund 
decisionmaking  and  to  promote  the  technology’s  commercial  use. 

At  present  there  are  37  active  participants  in  the  demon¬ 
stration  program.  Tb  date,  14  technology  demonstrations  have 
been  completed,  several  reports  have  been  published,  and  others 
are  in  various  stages  of  production.** 

While  this  relatively  new  program  has  encountered  some 
startup  problems,  it  too  has  yielded  results.  For  example,  an  in¬ 
frared  thermal  destruction  system  was  tested  and  evaluated. 
The  infrared  unit  uses  an  electric-powered,  infrared  heat  source 
instead  of  fossil  fuels,  which  results  in  lower  fuel  use  and  a 
smaller  emissions  control  system.  Particulate  emissions  also  are 
reduced  because  the  soil  is  processed  virtually  undisturbed  on 
the  primary  combustion  conveyor  belt. 

Under  the  SITE  program,  demonstrations  and  evaluations 
were  conducted  at  two  sites,  using  a  pilot-scale  unit  at  one  and  a 
commercial-scale  unit  at  the  other.  Based  on  those  data  and  data 
obtained  from  other  applications  of  the  technology,  EPA  was  able 
to  assess  the  technology’s  suitability  for  cleaning  up  the  types  of 
materials  found  at  the  test  sites  and  its  potential  effectiveness  in 
cleanups  of  other  t3i)es  of  sites  and  materials.  For  example,  EPA 
concluded  that  this  technology  was  suitable  for  cleaning  soils  or 
sediments  with  organic  contaminants  over  a  specific  range  of 
physical  characteristics.** 

Improved  Leak  Detection  Technology 

In  addition  to  programs,  such  as  SITE,  that  help  develop  and 
test  a  range  of  technologies,  private  and  public  sector  collabora¬ 
tion  in  the  late  1980s  helped  develop  and  transfer  technology  to 
meet  specific  environmental  needs.  An  example  is  the  program 
that  a  group  of  EPA  scientists  recently  initiated,  in  collaboration 
with  private  sector  firms,  to  help  accelerate  the  development  of 
accurate  technologies  and  methods  for  determining  whether  un¬ 
derground  storage  tanks  are  leaking.  As  a  result  of  the  program. 
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EPA  and  private  sector  vendors  of  testing  services  have  devel¬ 
oped  better  ways  of  detecting  leaks  in  underground  tanks. 

In  recent  years,  the  increase  in  leaks  from  underground 
storage  tanks  containing  fuel  and  other  hazardous  materials  has 
had  a  significant  adverse  impact  on  the  environment.  Such  leaks 
can  cause  substantial  damage  to  underground  sources  of  drink¬ 
ing  water.  From  1.5  million  to  3.5  million  storage  tanks  exist  in 
the  United  States,  and  as  many  as  15  percent  may  have  some 
leakage  already.  Up  to  another  10  percent  may  develop  leaks 
within  the  next  five  years. 

Leakage  of  hazardous  materials  from  underground  storage 
can  degrade  the  environment,  endanger  human  health,  and  re¬ 
quire  expensive  cleanup  procedures.  To  prevent,  reduce,  or  avoid 
such  problems,  regulatory  agencies  and  tank  owners  must  have 
accurate  methods  to  detect  leaks.  Inaccurate  methods  can  lead 
agencies  or  tank  owners  to  mistakenly  conclude  that  a  tank  is 
not  leaking,  when  in  fact  it  is  polluting  groundwater  supplies.  In¬ 
accurate  methods  also  can  cause  agencies  or  tank  owners  to  mis¬ 
takenly  conclude  that  a  sound  tank  is  leaking,  thus  causing 
substantial  unnecessary  expense,  including  the  cost  of  digging 
up  tanks  and  the  income  lost  while  the  tanks  are  out  of  service. 

The  enactment  of  the  Hazardous  and  Solid  Waste  Act 
(HSWA)  amendments  to  RCRA  (1988)  established  the  under¬ 
ground  storage  tank  (UST)  program.  Under  HSWA,  a  large  num¬ 
ber  of  owners  were  required  to  test  their  underground  tanks  for 
leakage,  EPA  was  responsibile  for  promulgating  regulations  and 
standards  and  establishing  performance  requirements  for  leak 
testing.  EPA  wanted  to  ensure  that,  when  complying  with  leak¬ 
testing  requirements,  tank  owners  and  operators  could  measure 
leaks  accurately. 

EPA  met  with  a  number  of  the  25  mqjor  vendors  of  internal 
volumetric  leak  detection  testing  services.  Many  of  the  vendors 
claimed  an  ability  to  detect  leaks  as  small  as  .05  gallons  per 
hour,  but  virtually  no  test  data  existed  to  verify  the  claims.  Since 
the  vendors  had  not  conducted  rigorous  testing,  EPA  proceeded 
to  establish  performance  standards  for  testing.^ 

The  Risk  Reduction  Engineering  Laboratory  in  the  EPA  Of¬ 
fice  of  Research  and  Development  designed  and  constructed  a 
full-scale  testing  facility  in  Edison,  New  Jersey,  and  performed  a 
comprehensive  set  of  tests  to  evaluate  the  accuracy  and  precision 
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of  each  vendor’s  detection  equipment  and  methods.  The  coopera¬ 
tive  efforts  of  EPA  and  the  vendors  led  to  technological  advances, 
particularly  in-tank  leak  detection.*® 

In  1989  the  capability  of  regulatory  agencies  and  tank 
owners  to  identify  leaking  tanks  was  vastly  more  accurate  than 
20  years  ago,  or  even  5  years  ago.  As  a  result,  the  public  is  better 
protected,  because  leaks  can  be  detected  more  easily  and  more 
accurately. 


International  Technology  Transfer  and 
Cooperation 

International  technology  transfer  and  cooperation  facilitates  en¬ 
vironmental  research  and  development.  International  coopera¬ 
tion  is  being  promoted  because  environmental  problems  are  not 
limited  to  national  boundaries,  and  because  technical  expertise 
can  be  found  throughout  the  international  community.  U.S.  ef¬ 
forts  in  international  technology  transfer  and  R&D  involve  the 
government,  academia,  the  private  sector,  and  other  non¬ 
governmental  entities. 

Environmental  Protection  Agency 

Since  the  founding  of  EPA,  that  agency’s  mission  has  included 
support  of  technology  transfer  with  other  countries  and  promo¬ 
tion  of  cooperative  R&D.  Even  before  the  creation  of  EPA,  the 
National  Environmental  Policy  Act  of  1969  directed  federal  agen¬ 
cies  to  "recognize  the  worldwide  and  long-range  character  of  en¬ 
vironmental  problems  and,  where  consistent  with  the  foreign 
policy  of  the  United  States,  lend  support  to  the  initiatives, 
resolutions,  and  programs  designed  to  maximize  international 
cooperation  in  anticipating  and  preventing  a  decline  in  the 
quality  of  mankind’s  world  environment."  In  addition,  many  of 
the  statutes  administered  by  EPA  contain  international  man¬ 
dates.  For  example,  the  Clean  Water  Act  mandates  cooperation 
with  Mexico  and  Canada,  and  sections  of  the  Clean  Air  Act  are 
directed  at  limiting  transboundary  air  pollution  and  encouraging 
international  cooperation  on  the  protection  of  the  ozone  layer. 


128 


ENVIRONMENTAL  SCIENCE  AND  TECHNOLOGY 


International  technology  transfer  and  cooperation  can 
benefit  R&D  in  a  number  of  ways: 

■  Provide  direct  beneHts  to  EPA  domestic  pro¬ 
grams.  In  some  cases,  research  being  performed  by  U.S. 
scientists  or  EPA  regulatory  development  can  be 
strengthened  and  enriched  by  the  research  results  of  ex¬ 
perts  in  other  countries.  For  example,  EPA  has  benefited 
from  information  from  the  Organization  for  Economic 
Cooperation  and  Development  (OECD)  on  chemicals  and 
pollutants  that  EPA  regulates  or  may  regulate. 

■  Identify  pollution  control  technologies  developed 
in  other  countries  that  might  be  applied  in  the 
United  States.  For  example,  progress  in  developing  cer¬ 
tain  types  of  flue  gas  desulfurization  technologies  for  coal- 
fired  electric  power  plants  has  been  made  in  other 
countries,  and  the  DOE  Clean  Coal  Program  is  evaluating 
a  selective  catalytic  reduction  process  developed  in  Japan. 
Innovative  waste  cleanup  technologies,  such  as  improved 
methods  for  treating  asbestos  wastes  found  at  hazardous 
waste  sites,  have  been  developed  in  the  Federal  Republic 
of  Germany.  While  it  cannot  become  directly  involved  in 
financing  or  purchasing  foreign  technologies,  the  agency 
can  help  introduce  efficient  technologies  into  the  U.S. 
market. 

Another  example  is  the  internationally-developed 
technologies  deployed  in  the  response  to  the  Exxon  Valdez 
oil  spill.  EPA,  the  Coast  Guard,  NOAA,  and  Exxon  con¬ 
sulted  with  experts  from  the  Canadian  federsil  environ¬ 
mental  agency  for  advice  on  cleanup  methods.  Skimmer 
equipment  developed  in  Europe  was  found  to  be  helpful  in 
removing  oil  from  near-shore  waters.  Exxon  used  a 
bioremediation  technique  developed  by  American  and 
French  scientists  on  some  oil-soaked  beaches;  both  Ameri¬ 
can  and  French  fertilizers  were  used  to  stimulate  rapid 
growth  of  the  "oil-eating"  microorganisms.  As  part  of  its 
response,  Exxon  obtained  equipment  from  a  stockpile 
maintained  in  Southampton,  England,  by  a  cooperative 
funded  by  several  oil  companies.^® 
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■  Contribute  directly  to  solving  bilateral  environ¬ 
mental  problems  that  affect  the  United  States  and 
its  immediate  neighbors.  For  example,  technology 
transfer  and  cooperation  on  R&D  are  msgor  factors  in  the 
Great  Lakes  Water  Quality  Agreement  between  the 
United  States  and  Canada,  and  in  bilateral  efforts  to 
resolve  water  and  air  pollution  issues  along  the  U.S.- 
Mexican  border. 

■  Contribute  to  meeting  the  environmental  goals  of 
other  countries.  In  cooperation  with  the  U.S.  Agency  for 
International  Development,  EPA  is  helping  to  establish  an 
improved  air  monitoring  network  in  Poland.  Besides  sup¬ 
plying  advanced  monitoring  equipment  and  analytic  tech¬ 
nology  for  the  network,  EPA  is  training  Polish  government 
staff  to  operate  and  maintain  the  technology.  In  addition, 
EPA  is  helping  to  develop  a  new  "East- West"  regional  en¬ 
vironmental  center  in  Budapest,  Hungary,  that  will  focus, 
in  part,  on  technology  transfer  and  cooperative  R&D.  Such 
efforts  directly  support  the  Administration’s  foreign  policy 
goals  related  to  Eastern  Europe.^^ 

In  performing  its  international  technology  transfer 
and  cooperative  R&D  activities,  EPA  works  with  a  variety 
of  international  and  environmental  organizations.  They 
include  organizations  within  the  United  Nations,  such  as 
the  World  Health  Organization,  the  Food  and  Agriculture 
Organization,  and  the  U.N.  Industrial  Development  Or¬ 
ganization.  EPA  also  works  with  multilateral  development 
banks  such  as  the  World  Bank. 


Bilateral  Agreements 

EPA  participates  in  a  number  of  bilateral  agreements,  some  of 
which  have  been  in  place  since  the  early  1970s.  These  range  from 
broad  govemment-to-govemment  science  and  technology  cooper¬ 
ation  agreements  to  agency-to-agency  Memoranda  of  Agreement 
or  letter  agreements.  (For  a  more  complete  discussion  of  bilateral 
environmental  agreements,  see  Chapter  7  of  this  report:  Interna¬ 
tional  Issues.) 
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For  some  of  the  broad  govemment-to-govemment  agree¬ 
ments,  EPA  is  the  lead  administering  agency  for  the  United 
States.  For  others,  this  responsibility  is  assigned  to  other  offices, 
such  as  the  Office  of  Science  and  Technology  Policy  (OSTP) 
within  the  White  House. 

The  agreement  with  the  Soviet  Union,  for  which  EPA  is  the 
lead  U.S.  agency,  provides  a  good  example  of  how  cooperative 
R&D  can  be  beneficial,  especially  in  light  of  global  environmen¬ 
tal  issues.  Researchers  in  the  Soviet  Union  and  the  United 
States  have  established  more  than  three  dozen  joint  research 
projects  on  environmental  topics  under  the  auspices  of  the  Agree¬ 
ment  on  Cooperation  in  the  Field  of  Environment.*®  A  number  of 
public  and  private  institutions  participate  in  research  projects, 
and  universities,  such  as  Bowling  Green  State  University,  lead 
research  projects.  Other  U.S.  participants  include  the  USDA/ 
Forest  Service,  foundations  that  have  lent  financial  support  for 
U.S.  participation,  such  as  the  Edward  Lamb  Foundation,  in¬ 
dividual  companies  such  as  B.P.  America,  and  industry  groups 
such  as  the  Electric  Power  Research  Institute  (EPRI). 

For  the  Soviet  Union,  the  agreement  is  administered  by  the 
Goscompreroda,  the  State  Committee  for  Nature  Protection.  A 
number  of  institutes  in  the  Soviet  Academy  of  Sciences  also  par¬ 
ticipate.*® 

One  such  project  under  the  U.S.-Soviet  agreement  is  en¬ 
titled  Air  Pollution  Effects  on  Vegetation  Including  Forest  Eco¬ 
systems.  Much  of  the  work  is  directly  relevant  to  studies  of 
international  pollution  problems  like  global  climate  change.  In 
addition  to  providing  a  mechanism  for  sharing  expertise,  that 
joint  research  project  has  enabled  the  participating  scientists  to 
study  a  wider  range  of  vegetation,  in  a  wider  range  of  settings, 
than  otherwise  would  be  possible.  In  1989  the  researchers  pub¬ 
lished  the  proceedings  of  a  joint  symposium.  Five  of  the  par¬ 
ticipating  Soviet  scientists  performed  research  in  the  United 
States  and  seven  of  the  participating  U.S.  researchers  performed 
research  in  the  Soviet  Union. 

The  following  are  examples  of  U.S.-Soviet  research;®® 

■  Physiological  investigations.  A  number  of  American 
and  Soviet  physiologists  are  cooperating  in  studies  that 
investigate  the  mechanisms  by  which  pollutants  affect 
plants  and  the  degree  to  which  pollutants  retard  physio- 
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logical  processes  such  as  photos3nithesis.  One  such  study 
involves  attempts  to  ascertain  the  photosynthetic  respon¬ 
ses  of  tree  seedlings  to  pollutant  stress  when  they  are 
grown  in  an  atmosphere  enriched  with  carbon  dioxide. 
That  work  is  especially  relevant  to  current  concerns  about 
global  climate  change. 

■  Tree  ring  research.  The  study  of  tree  rings — the 
domains  of  dendroecology  and  dendrochronology — holds 
immense  promise  for  research  on  the  effects  of  pollution 
stresses  on  vegetation.  Correlating  variations  in  tree  rings 
with  emissions  of  environmental  pollutants,  such  as  sul¬ 
fur  dioxide,  can  provide  major  insights  into  the  vegetative 
effects  of  different  levels  of  industrial  pollutants.  Until 
recently,  however,  American  scientists  were  faced  with  a 
mayor  data  gap;  they  had  almost  no  access  to  Soviet  tree 
ring  data.  Three  years  ago  the  United  States  entered  into 
a  joint  research  project  with  the  Soviets  on  tree  ring  re¬ 
search.  U.S.  participation  is  led  by  scientists  in  the 
University  of  Arizona’s  Tree  Ring  Research  Laboratory, 
and  Soviet  participation  is  led  by  scientists  at  the  In¬ 
stitute  of  Plant  emd  Animal  Research  of  the  Ural  Division 
of  the  Soviet  Academy  of  Sciences. 

Joint  research  has  provided  U.S.  scientists  with  ac¬ 
cess  to  a  vast  amount  of  new  tree  ring  data.  In  addition, 
scientists  with  similar  interests  in  both  countries  now 
have  mechanisms  for  communication  and  peer  review  es¬ 
sential  to  international  progress  in  environmental  re¬ 
search. 

■  Bioindicators.  Certain  t3rpes  of  plant  species  are  in¬ 
dicators  of  environmental  stress.  For  example,  lichens  are 
good  indicators  of  stress  from  several  types  of  airborne 
pollution.  The  Soviets  have  made  progress  in  identif3ring 
and  testing  the  sensitivity  of  bioindicators.  This  research 
is  of  interest  to  the  United  States  for  its  potential  applica¬ 
tion  in  ecological  risk  assessment.  In  the  1980s  U.S.  and 
Soviet  researchers  recognized  that  increased  cooperation 
emd  sharing  of  research  results  could  help  accelerate  ad¬ 
vances.  Under  the  auspices  of  the  U.S.-Soviet  Environ¬ 
mental  Protection  Agreement,  researchers  from  the  Soviet 
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Union  and  several  U.S.  institutions,  such  as  Oak  Ridge 
National  Laboratory,  Arizona  State  University,  and  Ohio 
State  University,  are  collaborating  on  bioindicators  re¬ 
search. 

■  Atmospheric  deposition  gradient  studies.  EPA  and 
the  Forest  Service  have  jointly  established  the  Forest 
Response  Program  to  study  the  real-world  impacts  of  sul¬ 
fur  deposition  on  vegetation.  To  obtain  statistically  mean¬ 
ingful  and  robust  results,  they  are  studying  atmospheric 
deposition  gradients,  ranging  from  pristine  areas  to  areas 
that  are  heavily  polluted  by  sulfur  dioxide.  The  Soviets 
also  have  an  interest  in  sulfur  dioxide  deposition  impacts 
on  vegetation.  Under  the  U.S.-Soviet  Environmental 
Protection  Agreement,  U.S.  and  Soviet  researchers  are 
coordinating  research.^^  The  Soviets  are  establishing  a 
project  laboratory,  and  they  have  agreed  to  a  major  data 
collection  effort.  U.S.  protocols  and  data  quality  assurance 
procedures  will  ensure  that  data  can  be  compared. 

■  Anatomical  studies.  The  University  of  Illinois  Center 
for  Electron  Microscopy  and  the  Komarov  Botanical  Gar¬ 
den  (Leningrad),  the  largest  and  most  prestigious  botani¬ 
cal  laboratory  in  the  Soviet  Union,  are  stud3ring  the  effects 
of  pollutants  on  organisms  at  the  subcellular  level.  Such 
investigations  can  aid  in  understanding  the  fundamental 
mechanisms  by  which  pollutants  injure  plants. 


International  Environmental  Technology 
Transfer  Advisory  Board 

In  1989  at  the  direction  of  the  President,  EPA  formed  an  ad¬ 
visory  group  to  find  ways  to  improve  the  transfer  of  U.S.  environ¬ 
mental  technology  to  other  countries.  That  group,  the  Inter¬ 
national  Environmental  Technology  Transfer  Advisory  Board 
(lETTAB),^*  is  counseling  EPA  and  other  concerned  agencies  on 
the  transfer  of  environmental  technology  and  information  to 
developing  countries.  Many  developing  countries  need  assistance 
in  using  environmental  technology  effectively. 
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The  Advisory  Board  is  providing  the  following  assessments: 

•  Environmental  technologies  needed  by  developing 
and  centrally  planned  countries; 

*  Legal  and  institutional  barriers  to  the  transfer  of 
environmental  technology  to  such  countries; 

•  Economic  bsirriers  to  the  transfer  of  environmental 
technology  to  countries  like  Poland  and  Hungary; 
and 

*  Needs  for  assistance  in  developing  appropriate 
environmental  technology  for  such  countries. 

The  approximately  15  members  of  the  board  represent  in¬ 
dustry  and  business;  academic,  educational,  and  training  in¬ 
stitutions;  government  agencies;  international  organizations; 
environmental  groups;  and  non-profit  entities.  The  board  will 
focus  initially  on  the  transfer  of  technologies  required  by  low-in¬ 
come  countries  with  regard  to  ozone  depletion  and  global  warm¬ 
ing. 

Center  for  Hazardous  Materials 
Research 

Many  technology  transfer  initiatives  are  spearheaded  by  non¬ 
government  organizations.  One  example  is  the  Center  for  Haz¬ 
ardous  Materials  Research  (CHMR),  established  in  1985  as  a 
not-for-profit  subsidiary  of  the  University  of  Pittsburgh  Trust. 
CHMR  is  active  in  international  research  and  technology  trans¬ 
fer  programs  designed  to  introduce  environmental  control  tech¬ 
nologies  developed  elsewhere  in  the  world  into  the  U.S.  market. 
CHMR  initiatives  are  funded  by  public  and  private  sources. 

Examples  of  CHMR  efforts  in  international  technology 
transfer  include: 

■  A  cooperative  venture  to  develop  new  soil  wash¬ 
ing  technology  currently  used  in  Holland.  A  soil 
washing  system  has  been  successfully  applied  in  Holland 
by  The  Netherlands  Organization  for  Applied  Scientific 
Research  (TNO)  and  a  private  firm.  The  system  has  been 
successfully  used  for  removing  organic  chemical  con¬ 
taminants  from  soils,  sludges,  and  ash,  but  it  has  not  been 
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fully  developed  for  effective  removal  of  heavy  metals,  such 
as  mercury  or  chromium.  A  heavy  metal  application,  if 
successfully  developed,  might  be  of  use  in  the  United 
States.  If  cost-effective,  it  could  help  reduce  cleanup  costs 
at  Superfund  sites.  The  process  also  is  designed  to  he  used 
on  site,  thus  simplifying  the  logistics  of  cleanups. 

■  A  CHMR  international  consortium  of  public  and 
private  entities  to  help  develop  a  heavy  metal 
removal  system.  The  project  will  be  jointly  financed  by 
CHMR,  EPA  (under  the  agency’s  Emerging  Technologies 
Program),  a  private  Dutch  firm,  and  TNO.®^ 

■  Development  and  commercialization  of  a  West 
German  technology  for  treatment  of  asbestos  waste. 
The  most  common  practice  for  disposing  of  asbestos  waste 
is  to  bag  and  landfill  it.  This  practice  creates  potential 
risks,  should  operational  problems  occur  at  the  landfill.  Td 
eliminate  the  possibility  of  future  problems,  the  proper¬ 
ties  of  the  asbestos  fibers  must  be  destroyed.  One  poten¬ 
tial  method  is  "vitrification,"  a  process  whereby  the 
asbestos  material  is  converted  in  a  glass  furnace  to  an  as¬ 
bestos-free,  glass-like  material  that  is  chemically  and 
thermally  stable  and  resistant  to  leaching. 

A  private  company  in  the  Federal  Republic  of  Ger¬ 
many  has  been  applying  glass  furnace  technology  to  en¬ 
vironmental  problems  since  the  early  1980s.  The  process 
has  been  used  to  vitrify  high-level  radioactive  waste  from 
reprocessed  uranium  fuels  from  European  nuclear  power 
reactors. 

The  Center  for  Hazardous  Materials  Research  is 
working  with  a  German  firm  to  test  vitrification  of  asbes¬ 
tos  waste  to  meet  environmental  and  worker  protection 
standards  established  by  the  EPA  and  the  Occupational 
Safety  and  Health  Administration  (OSHA).  The  German 
firm  has  contracted  with  CHMR  and  TNO  to  perform  a 
pilot  plant  test  in  accordance  with  a  protocol  reviewed  by 
the  EPA  Office  of  Air  Quality  Planning  and  Standards. 
CHMR  and  TNO  independently  concluded  that  the 
process  was  capable  of  safely  converting  many  typ)es  of  as¬ 
bestos-containing  waste  material  into  asbestos-free 
material.** 
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■  Drawing  on  European  data  and  experience  to 
help  assess  an  oil  spill  on  a  U.S.  river.  In  1986  a  rup¬ 
ture  in  oil  tanks  owned  by  the  Ashland  Oil  Company 
resulted  in  a  large  release  of  diesel  oil  into  the  Monon- 
gahela  and  Ohio  Rivers.  As  part  of  its  response,  Ashland 
contracted  with  CHMR  to  conduct  an  independent  study 
of  the  short-  and  long-term  health  and  environmental  im¬ 
pacts  resulting  from  the  spill,  such  as  the  effects  on  sur¬ 
face  water  and  groundwater  quality  and  on  fish  and 
waterfowl. 

In  conducting  the  study,  CHMR  drew  heavily  on  the 
expertise  and  resources  of  TNO,  which  has  expertise  in 
the  ecological  effects  of  oil  spills.  TNO  has  studied  Rotter¬ 
dam  Harbor,  the  largest  harbor  in  the  world,  which  heis 
suffered  from  oil  spills  because  of  its  proximity  to  the 
North  Sea.  The  Dutch  also  performed  intensive  studies  of 
a  mqjor  toxic  chemical  spill  in  the  Rhine  River  in  1986. 

In  assessing  the  effects  of  the  Ashland  Oil  spill,  Dutch 
scientists  helped  determine  the  significance  of  different 
types  of  data,  such  as  measurements  of  oil  concentrations 
in  fish  organs  and  tissue.  They  compared  Ashland  data  to 
much  larger  sets  of  similar  data  obtained  from  the  Rotter¬ 
dam  Harbor  and  Rhine  River  studies.^® 

World  Environment  Center 

The  World  Environment  Center  (WEC)  is  another  example  of  a 
nongovernmental  entity  that  is  active  in  international  technol¬ 
ogy  transfer.  A  non-profit,  non-advocacy  organization  based  in 
New  York,  WEC  has  fostered  cooperation  among  government,  in¬ 
dustry,  and  academia  in  transferring  international  environmen¬ 
tal  technology,  especially  to  developing  countries.  WEC  projects 
include  training  internships  and  tours,  factory  and  institutional 
assessments,  institution-strengthening  programs,  information 
dissemination,  and  technical  workshops. 

Travel  and  management  costs  of  WEC  projects  are  funded 
primarily  through  a  cooperative  agreement  with  the  U.S.  AID 
Bureau  for  Asia  and  the  Near  East.  Other  funding,  on  a  project- 
by-project  basis,  has  been  provided  by  EPA,  the  World  Bank,  the 
U.S.  Trade  Development  Program,  and  a  variety  of  U.S., 
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Canadian,  and  European  companies.  Projects  generally  consist 
of  in-kind  donations  of  consultant  services  and  other  resources 
from  industry,  academia,  and  government.  WEC  technology 
transfer  projects  include: 

■  Hazardous  waste  workshops  in  Indonesia.  In 
cooperation  with  Indonesia’s  Ministry  of  Population  and 
Environment,  WEC  held  a  workshop  that  presented  haz¬ 
ardous  waste  management  and  waste  minimization  infor¬ 
mation  to  help  industrial  firms  comply  with  the  Ministry’s 
recent  hazardous  waste  regulatory  initiative.  The 
workshop  was  led  by  EPA  staff,  as  well  as  by  experts  from 
the  private  sector,  several  academic  institutions,  and  the 
Thai  Office  of  the  National  Environment  Board.  Workshop 
instructors  donated  their  time;  direct  costs  were  funded 
by  U.S.  AID  and  EPA. 

■  Environmental  information  management  systems 
study  tour.  For  officials  of  environmental  agencies  in 
southeast  Asia,  WEC  coordinated  a  5-week  study  tour  to 
familiarize  them  with  North  American  organizations  and 
systems  that  manage  environmental  information.  The 
lack  of  access  to  information  often  is  cited  as  an  impedi¬ 
ment  to  more  effective  environmental  management  in 
developing  countries.  Visits  were  made  to  more  than  20 
organizations,  including  the  Chemical  Manufacturers  As¬ 
sociation,  EPA,  the  World  Bank,  the  National  Tschnical 
Information  Service,  and  a  variety  of  private  sector  or¬ 
ganizations. 

■  Assessments  of  the  tanning  industries  in  Thailand 
and  Turkey.  For  a  project  sponsored  by  WEC,  two  ex¬ 
perts  from  U.S.  firms  donated  their  time  to  perform  an  en¬ 
vironmental  assessment  of  the  leather  tanning  industry 
in  the  Bangkok  area.  After  performing  the  assessment, 
the  experts  met  with  representatives  of  the  tanning  and 
chemical  industries  and  the  Thailand  environmental 
agency.  The  U.S.  experts  recommended  alternative  techni¬ 
cal  approaches  to  achieve  improved  water  pollution  con¬ 
trol. 
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January  24,  1989 


yn  the  dark  early  hours  of  January  24,  1989,  three 
men  moved  out  from  the  woods  onto  a  snow- 
covered  field  in  Vermont.  Two  were  investigators  from 
the  Vermont  Department  of  Environmental  Conserva¬ 
tion,  and  the  third  was  a  federal  EPA  Special  Agent  in 
the  Office  of  Criminal  Investigations.  He  was  armed. 
They  had  the  field  under  surveillance  in  an  ongoing 
statelfederal  investigation  of  midnight  dumping. 

They  were  setting  up  surveillance  equipment, 
when  an  18-wheeler  drove  onto  the  field,  its  headlights 
off  As  the  agents  approached,  the  truck  turned  and 
headed  back  for  the  road,  where  it  was  stopped  by  a 
state  trooper. 

The  truck,  overloaded  with  construction  and 
demolition  debris,  was  impounded,  along  with  a 
bulldozer  used  in  the  operation.  The  driver,  a  local 
trucker  who  picked  up  the  load  near  Boston,  was  ar¬ 
rested.  He  would  be  charged,  along  with  the  owner  of 
the  truck  and  the  owner  of  the  field,  under  a  Vermont 
Solid  Waste  Dumping  statute  that  carries  a  penalty  of 
up  to  $25,000  and  6  months  in  jail. 


CHAPTER  5 


Environmental 

Enforcement 


The  evolution  of  environmental  enforcement  over  the  past 
two  decades  demonstrates  both  the  gravity  of  environmen¬ 
tal  problems  and  the  nation’s  determination  to  control  them.  In 
1989  record  numbers  of  environmental  violations  were  reported 
in  the  United  States,  but  many  of  the  violators  have  already 
been  brought  back  into  compliance  with  regulations.  The  En¬ 
vironmental  Protection  Agency  (EPA)  alone  took  some  4,500  en¬ 
forcement  actions  in  1989,  and  EPA-approved  state  programs 
reported  another  12,800  actions.  By  year’s  end,  violators  were 
either  back  in  compliance,  on  a  compliance  schedule,  or  facing  a 
formal  enforcement  action.^  Twenty  years  ago,  such  a  caseload 
would  have  been  unthinkable,  and  the  few  pollution  cases  then 
actively  pursued  by  the  government  sometimes  dragged  on  for 
,  years. 

[  In  1989  the  majority  of  environmental  violations  were  cor- 

I  rected  by  administrative  actions  taken  by  federal,  state,  or  local 

j  regulatory  agencies.  About  10  percent  of  EPA  cases  were  referred 

j  for  civil  judicial  action,  most  of  which  were  settled  by  court-ap- 

j  proved  consent  decrees.  Out  of  4,500  actions,  only  60  violations 

I 

j  - 
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were  referred  for  criminal  prosecution.  Other  federal  agencies 
that  enforce  environmental  laws  report  similar  ratios  of  criminal 
referrals  to  total  enforcement  actions. 

Despite  the  small  numbers,  felony  prosecutions  of  environ¬ 
mental  crimes  stand  out  as  the  m^jor  change  in  environmental 
enforcement  over  the  past  20  years.  A  growing  public  reaction  to 
those  who  knowingly  damage  the  environment  and  endanger 
human  life  has  been  reflected  in  tougher  enforcement  provisions 
in  environmental  laws.  Misdemeanors  have  been  raised  to 
felonies.  Million-dollar  fines  are  no  longer  uncommon,  and  cor¬ 
porate  executives  serve  jail  terms  for  knowing  violations  of  the 
law. 

Civil  enforcement  actions  often  are  taken  against  large  com¬ 
panies  capable  of  absorbing  even  million-dollar  penalties  as  just 
another  cost  of  doing  business.  Civil  judgments  may  cariy  little 
public  stigma,  but,  in  contrast,  criminal  sanctions  can  serve  as 
effective  deterrents.  Incarceration  is  one  cost  of  doing  business 
that  can’t  be  passed  on  to  the  consumer. 

The  goal  of  environmental  enforcement  is  not  only  to  punish 
polluters  and  poachers,  but,  by  means  of  timely  and  appropriate 
actions  against  significant  violators,  to  deter  others.  The  goal  is 
not  to  close  down  the  industries  that  built  the  American 
economy,  but  to  motivate  them,  out  of  enlightened  self  interest, 
to  clean  their  own  houses. 

Federal  and  state  legislators  have  empowered  environmen¬ 
tal  enforcers  in  both  the  public  and  private  sectors — from  the  city 
policeman  to  the  federal  judge  and  from  the  individual  citizen  to 
large  public-interest  groups.  Today  environmental  enforcers  are 
armed  with  an  array  of  tools — such  as  high-tech  surveillance,  en¬ 
vironmental  audits,  contractor  debarment,  citizen  suits — far 
more  powerful  than  those  available  in  1970. 
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Historical 

Perspective 

Historians  describe  1970  as  the  Year  of  the  Environment  for  the 
sheer  volume  of  environmental  initiatives  begun,  including  the 
enforcement  of  environmental  laws.  Before  1970,  few  polluters 
were  taken  to  court,  because  few  pollution-control  laws — state  or 
federal — were  written  from  an  enforcement  perspective.  Early 
water  and  air  legislation  was  meant  to  encourage  compliance, 
and  enforcement  mechanisms  were  at  best  cumbersome  and  inef¬ 
ficient. 

For  example,  in  1965  Delaware  asked  the  federal  govern¬ 
ment  to  take  action  to  stop  "a  horrible"  interstate  "stench" 
caused  by  a  rendering  plant  in  Maryland.*  The  Secretary  of 
Health,  Education,  and  Welfare,  then  in  charge  of  administering 
the  Clean  Air  Act,  called  an  enforcement  conference,  attended  by 
representatives  of  the  two  states. 

The  conference  recommended  that  Maryland  require  abate¬ 
ment  of  the  odor.  The  HEW  Secretary  forwarded  the  recommen¬ 
dation  to  Maryland,  and  when  no  remedial  action  was  taken,  he 
scheduled  a  public  hearing  attended  by  representatives  of  the 
two  states  and  the  rendering  plant.  The  Hearing  Board  made 
findings  and  recommendations  to  the  Secretary,  who  then  in¬ 
structed  the  rendering  plant  to  abate  the  odor.  When  it  did  not, 
the  Secretary  requested  that  the  U.S.  Attorney  General  file  suit. 
Suit  was  filed,  and  in  1970,  on  dismissal  of  the  plant’s  final  ap¬ 
peal,  the  government  ordered  the  first  federal  closing  of  a  facility 
for  air  pollution.*  The  enforcement  action,  from  first  complaint  to 
final  closing,  took  five  years. 

At  the  time,  few  government  attorneys  wanted  to  handle 
pollution  cases.  Courts,  especially  at  the  state  level,  often  were 
inclined  to  favor  economic  development  over  environmental 
protection.^  Penalties  for  violations  were  minor,  and,  in  the  ab¬ 
sence  of  definitive  standards,  evidence  was  problematic.  Judges 
and  juries  had  no  technical  measure  for  determining  what  con¬ 
stituted  a  pollution  violation. 
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In  August  1970  the  newly  established  Council  on  Environ¬ 
mental  Quality  published  the  first  report  from  the  President  to 
Congress  on  the  state  of  the  nation’s  environment.*^  In  it,  Presi¬ 
dent  Richard  Nixon  recommended  national  pollution  standards 
and  stronger  enforcement  authority  with  fines  of  $10,000  a  day 
for  air  and  water  polluters,  which  were  considered  stiff  penalties 
for  the  time. 

Meanwhile,  the  states  were  struggling  to  set  their  own  pol¬ 
lution  standards.  The  federal  government  was  willing  to  help, 
but  its  pollution  programs  were  fragmented  in  five  executive 
agencies.  Nixon’s  proposal  to  consolidate  pollution-control  efforts 
in  a  new  federal  agency  was  then  before  Congress. 

In  October  1970  the  U.S.  Department  of  Justice  established 
a  Pollution  Control  Section  in  its  Division  of  Land  and  Natural 
Resources.  This  Division,  previously  occupied  with  land  acquisi¬ 
tion  and  boundary  disputes,  found  itself  at  the  forefront  of  a  na¬ 
tional  anti-pollution  campaign.  The  public  wanted  action,  but 
Justice  Department  attorneys  were  frustrated  by  the  lack  of  en¬ 
forcement  provisions  in  federal  pollution-control  laws.  Thus  they 
turned  to  the  venerable  Rivers  and  Harbors  Act,  passed  back  in 
1899  to  regulate  mining  operations.  A  section  of  the  law  called 
the  Refuse  Act  forbade  the  discharge  of  refuse  matter  into 
navigable  waters.  The  original  authors  of  the  law  were  thinking 
more  of  physical  obstructions  to  navigation  than  pollution,  but 
they  wrote  a  law  that  has  adapted  with  the  times. 

When  the  Supreme  Court  ruled  in  the  late  1960s  that  the 
Refuse  Act  could  apply  to  discharges  of  gasoline  and  oil,  federal 
attorneys  finally  were  armed  with  an  anti-pollution  law  with 
teeth.  Violators  could  be  found  guilty  of  a  misdemeanor,  punish¬ 
able  by  a  $2,500  fine  and/or  one  year  in  jail.  In  1970  the  Justice 
Department  filed  129  criminal  pollution  cases,  far  more  than  in 
any  previous  year  (Table  5-1  and  Figure  5-1). 
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Table  5-1. — Litigation  Initiated  by  the  Department  of  Justice  under  the  Refuse  Act,  1961-73. _ 
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*No  figures  available. 

Source:  1973  Annual  Report  of  the  Attorney  General  of  the  United  States.  U  S.  Department  ol  Justice.  Washington,  DC  (1974),  page  122. 


Figure  5.1— EPA  Enforcement  Actions  under  the  Refuse  Act,  1970-72. 
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Source:  Ruckelshaus,  W.D.,  The  First  Two  Years:  A  Review  of  EPA's  Enforcement 
Program,  EPA,  Washington,  DC  (1973),  page  15. 

In  the  first  civil  pollution  case  under  the  Refuse  Act,  the 
federal  government  epjoined  the  dumping  of  hot  water  into  Bis- 
ca5me  Bay  by  a  power  company.  Action  was  taken  against  10 
msgor  dischargers  of  mercury  and  against  several  steel  com¬ 
panies  to  ei\join  their  discharges  of  cyanides  and  phenols,  and  in 
one  of  the  year’s  major  pollution  incidents,  Chevron  Oil  Com¬ 
pany  was  penalized  $1  million  for  an  extensive  oil  spill  in  the 
Gulf  of  Mexico.® 

In  addition  to  activism  on  the  part  of  public  enforcers,  1970 
witnessed  the  birth  of  the  federal  citizen  suit.  The  Clean  Air  Act 
amendments  of  that  year  gave  private  citizens  the  authority 
sue  polluters  directly  or  to  sue  regulatory  agencies  for  failure 
perform  nondiscretionary  duties. 
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President  Nixon  began  the  Year  of  the  Environment  hy  ap¬ 
pointing  the  first  Council  on  Environmental  Quality  to  advise 
him  on  environmental  matters.  He  brought  the  year  to  a  close  by 
establishing  the  National  Oceanic  and  Atmospheric  Administra¬ 
tion  and  the  Environmental  Protection  Agency.  The  enforcement 
implications  of  the  actions  were  apparent,  and  national 
magazines  of  the  day  described  Nixon’s  new  "environmental 
troika — CEQ,  EPA,  and  NOAA"  as  "policemen  for  pollution."^ 


Public  Enforcement 
Today 


Unlike  the  fragmented  approach  typical  20  years  ago,  environ¬ 
mental  enforcers  today  are  beginning  to  pool  their  expertise  in 
teams  of  local,  state,  and  federal  personnel.  The  government 
scientists,  engineers,  investigators,  and  attorneys  who  share 
responsibility  for  enforcing  environmental  laws  are  finding  that 
they  can  share  caseloads  as  well.  Jurisdiction  is  often  decided  as 
a  case  develops.  Under  certain  statutes,  the  federal  government 
is  granted  primacy  and  may  choose  to  file  a  precedent-setting 
case,  but  the  majority  of  environmental  statutes  delegate  enfor¬ 
cement  to  the  states. 

Many  environmental  statutes  are  structured  to  be  self-en¬ 
forcing,  at  least  by  permitted  facilities.  For  example,  hazardous 
waste  laws  require  permitted  facilities  to  submit  periodic  reports 
on  the  pollutants  they  generate.  If  a  report  is  late  or  if  it  indi¬ 
cates  that  an  environmental  standard  is  not  being  met,  a 
regulatory  agen(y  can  initiate  an  enforcement  action  to  bring  the 
facility  back  into  compliance.®  Well-intentioned  facilities  monitor 
and  report  on  their  own  operations,  but  today  enforcers  also 
must  track  highly  profitable  businesses  that  dispose  of  wastes  il¬ 
legally. 
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Federal  Government 

In  1989  a  dozen  different  federal  agencies  were  actively  enforc¬ 
ing  environmental  laws.  Government  personnel  from  diverse  dis¬ 
ciplines  cooperated  to  enforce  laws  that  control  pollution  and 
conserve  natural  resources  (Table  5-2).  Agencies  such  as  the  Fish 
and  Wildlife  Service,  the  National  Marine  Fisheries  Service,  the 
Forest  Service,  and  the  Park  Service  enforced  laws  that  conserve 
the  nation’s  flora,  fauna,  and  natural  habitat,  and  EPA 
cooperated  closely  with  the  Army  Corps  of  Engineers,  the  Coast 
Guard,  and  the  FBI,  among  others,  to  enforce  pollution  control. 

Table  5-2. — Enforcement  Provisions  of  Environmental  Laws  Passed, 

Amended,  and/or  Reauthorized  by  Congress,  1970-89. _ 

DATE 

LAW  SIGNED  ENFORCEMENT  PROVISIONS 

1/1/70  The  Council  on  Environmental  Quality  (CEQ) 
in  the  Executive  Office  of  the  President 
administers  action-forcing  provisions  that 
require  federal  agencies  to  submit 
environmental  assessments  and  impact 
statements  on  proposed  actions.  Judicial 
review  has  evolved  as  the  chief  enforcement 
tool. 

1970  The  Environmental  Protection  Agency  (EPA) 

1 977  sets  national  air  standards  and  delegates 
enforcement  to  the  states  through  EPA- 
approved  programs.  Penalties  up  to  $25,000 
day  and  or  1  year  in  jail;  double  for  second 
convictions;  citizen  suit  provision. 

Occupational  Safety  and  Health  The  Occupational  Safety  and  Health 

Act  (OSH  Act)  1970  Administration  (OSHA)  in  the  Department  of 

Labor  sets  and  enforces  environmental 
standards  in  the  workplace.  Civil  penalties 
$1 ,000-1 0,000'day;  criminal  fines  up  to 
$20,000  and  or  1  year  in  jail. 

EPA  sets  national  water  standards  and 
1972  delegates  enforcement  to  the  states  through 
1977  EPA-approved  programs.  EPA  and  the  DOD 
1981  Army  Corps  of  Engineers  enforce  wetlands 

1987  regulations,  and  the  DOT  Coast  Guard 

1988  enforces  oil-spill  provisions.  Penalties  up  to 
$25,000  after  informal  administrative  hearing; 
up  to  $125,000  after  formal  EPA  adjudicatory 
hearing;  civil  penalties  $10,000-25,000  day; 
criminal  sanctions  for  misdemeanors  and 
felonies;  felony  fines  up  to  $250,000  and  or  15 
years  in  jail  for  individual;  $1  million  fine  for  an 
organization;  citizen  suit  provision. 


Federal  Water  Pollution  Control 

Act  amendments 

Clean  Water  Act  (CWA) 

Amendments 

Amendments 

Amendments 


National  Environmental  Policy 
Act  (NEPA) 


Clean  Air  Act  (CAA) 
Amendments 
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Table  5*2. — Enforcement  Provisions  of  Environmental  Laws  Passed, 

Amended,  and/or  Reauthorized  by  Congress,  1970-89  (cont.). _ 

DATE 

LAW  SIGNED  ENFORCEMENT  PROVISIONS 


Federal  Insecticide,  Fungicide, 
Rodenticide  Act  (FIFRA)  1972 


Marine  Protection,  Research, 

and  Sanctuaries  Act  (MPRSA)  1972 

Amended  by  Ocean  Dumping 

Ban  Act  1988 


Marine  Mammal  Protection  Act 
(MMPA)  1972 

Amendments  1981 


Noise  Control  Act  (NCA) 

1972 

Amended  by 

Quiet  Communities  Act 

1978 

Endangered  Species  Act  (ESA)  1973 
Amendments  1982 

Reauthorized  1988 


Safe  Drinking  Water  Act 
(SDWA)  1974 

Amendments  1977 

Lead  Contamination  Control  Act  1986 

Amendments  1988 

Atomic  Energy  Act 

Amendments  1974 

Amended  by  the  Uranium  Mill 
Tailings  Radiation  Control  Act  1978 


EPA  registers  and  classifies  pesticides, 
certifies  applicator  training,  and  delegates 
enforcement  to  the  states  through  EPA- 
approved  programs.  Administrative  penalties 
$500-5,000;  criminal  fines  $1 ,000-50,000 
and/or  30  days-1  year  in  jail. 

EPA,  DOD/Army  Corps  of  Engineers,  and 
DOT/Coast  Guard  assist  DOC  NOAA  National 
Marine  Fisheries  Service  enforce  provisions 
regulating  ocean  dumping.  Department  of 
State  handles  international  violations. 
Amendments  ban  ocean  dumping  of  sludge 
and  infectious  medical  waste.  Civil  penalties 
up  to  $50, 000/violation;  criminal  sanctions; 
citizen  suit  provision. 

DOI/Fish  and  Wildlife  Service  and  DOC  NOAA 
National  Marine  Fisheries  Service  enforce  a 
ban  on  the  taking  of  any  marine  mammal  on 
the  high  seas.  NOAA  enforces  the  ban  for 
whales,  porpoises,  seals,  and  sea  lions.  FWS 
protects  walrus,  polar  bears,  manatees,  and 
sea  otters.  Amendments  limit  the  incidental 
taking  of  porpoises  by  commercial  fishermen. 
State  Department  handles  international 
violations.  Civil  penalties  up  to  $10,000 
violation;  criminal  fines  $20,000  violation  and 
or  1  year  in  jail. 

EPA  sets  standards  and  delegates 
enforcement  to  the  states  through  EPA- 
approved  programs.  OSHA  enforces  the  law  in 
the  workplace.  Civil  fines  up  to  $10,000  day; 
criminal  fines  up  to  $25,000  and  or  1  year  in 
jail;  double  for  second  convictions. 

DOI/Fish  and  Wildlife  Service,  DOC  NOAA 
National  Marine  Fisheries  Service,  DOT  Coast 
Guard.  Department  of  Agriculture,  and 
Department  of  the  Treasury  enforce  the  law. 
Civil  penalties  $500-25,000  violation;  criminal 
fines  $25,000-50,000  and  or  6  months- 1  year 
in  jail. 

EPA  sets  national  standards  and  delegates 
enforcement  to  the  states  through  EPA- 
approved  programs.  Civil  penalties  up  to 
$10,000  day;  criminal  sanctions;  citizen  suit 
provision. 

The  Nuclear  Regulatory  Commission  enforces 
the  Atomic  Energy  Act  and  its  amendments; 
civil  penalities;  criminal  sanctions.  EPA  sets 
radiation  emission  standards. 


151 


1970  EN\  IKO\ME\’TAL  QLIAEITY  1990 


Table  5*2.— Enforcement  Provisions  of  Environmental  Laws  Passed, 

Amended,  and/or  Reauthorized  by  Congress,  1970-89  (cont.). _ 

DATE 

LAW  SIGNED  ENFORCEMENT  PROVISIONS 


Toxic  Substance  Control  Act 
(TSCA) 

Amended  by  Asbestos  Hazard 

1976 

Emergency  Response  Act 
(AHERA) 

1986 

Resource  Conservation  and 

Recovery  Act  (RCRA) 

Amended  by  the  Hazardous 

1976 

and  Solid  Waste  Act  (HSWA) 

1984 

Amendments 

1986 

Amended  by  Medical  Waste 
Tracking  Act 

1988 

Hazardous  Material 
Transportation  Act  (HMTA) 

1976 

Magnuson  Fishery  Conservation 
and  Management  Act  (MFCMA) 

1976 

Amendments 

1988 

Surface  Mining  Control  and 
Reclamation  Act  (SMCRA) 

1977 

Comprehensive  Environmental 
Response,  Compensation,  and 
Liability  Act  (CERCLA  or 
Superfund) 

1980 

Superfund  Amendments  and 
Reauthorization  Act  (SARA) 

1986 

Emergency  Planning  and 
Community  Right-to-Know  Act 
(EPCRA) 

1986 

EPA  tests  new  chemicals  and  bans  those  that 
pose  unreasonable  risk  to  public  health  or  the 
environment.  Civil  penalties  up  to  $5,000  day; 
criminal  sanctions;  citizen  suit  provision. 
Amendments  authorize  EPA  to  set  asbestos 
standards  and  certify  training  of  inspectors 
and  workers.  Civil  penalties  up  to  $5,000  a 
day. 

EPA  enforces  cradle-to-grave  tracking  of 
hazardous  wastes  and  delegates  enforcement 
to  states  through  EPA-approved  programs. 
Felony  fine  up  to  $250,000  or  1 5  years  in  jail 
for  an  individual  or  $1  million  for  an 
organization;  citizen  suit  provision. 


Department  of  Transportation  and  Department 
of  the  Treasury  Customs  Service  enforce  the 
packaging  and  transport  of  hazardous  material 
on  land  and  sea  and  in  the  sky.  Civil  penalties 
up  to  $50,000;  criminal  fines  $25,000  and  or  5 
years  in  jail. 

DOC  NOAA  National  Marine  Fisheries  Service 
enforces  fisheries  regulations  in  a  U.S. 
Exclusive  Economic  Zone  within  200  nautical 
miles  of  the  United  States.  Civil  fines  up  to 
$25,000  violation  and  forfeiture  of  a  fishing 
vessel;  criminal  fines  up  to  $50,000  and  or  6 
months  in  jail. 

DOI  Office  of  Surface  Mining  Reclamation  and 
Enforcement  enforces  regulations  for  cleanup 
of  surface  mining  sites.  Criminal  fines  of  up  to 
$5,000  and  or  1  year  in  jail. 

EPA  enforces  regulations  requiring 
responsible  parties  to  clean  up  hazardous 
substance  sites  or  to  cover  the  costs  of 
government  cleanups  funded  by  the  multi¬ 
billion  dollar  Superfund  set  up  by  Congress  for 
emergency  use.  DOD  Army  Corps  of 
Engineers  and  some  states  cooperate  with 
EPA  on  removal  and  remedial  actions. 

EPA  enforces  Title  III  of  SARA  that  requires 
all  manufacturers,  importers,  processors,  and 
users  of  more  than  300  hazardous  chemicals 
to  report  annually  on  releases  to  the 
environment;  felony  sanctions. 
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Table  5-2. — Enforcement  Provisions  of  Environmental  Laws  Passed, 
Amended,  and/or  Reauthorized  by  Congress.  1970-89  (cont.). _ 

DATE 

LAW  SIGNED _ ENFORCEMENT  PROVISIONS _ 

DOI/Fish  and  Wildlife  Service  and  DOC  NOAA 

1981  National  Marine  Fisheries  Service  enforce  a 
ban  on  importation,  possession,  or  interstate 
transport  of  wild  plant  and  animal  species 
taken  in  violation  of  state,  federal,  Indian,  or 
foreign  law.  Civil  penalties  $10,000;  criminal 
fines  $20,000  and  or  5  years  in  jail.  Fish, 
wildlife,  or  plants  involved  in  violations  are 
subject  to  forfeiture  as  are  any  vessels, 
vehicles,  or  aircraft. 

Nuclear  Regulatory  Commission  enforces 

1982  regulations  regarding  the  storage  and  disposal 
of  high-level  radioactive  waste,  spent  nuclear 
fuel,  and  low-level  nuclear  waste.  EPA  sets 
standards  for  radiation  in  surface  and  drinking 
water,  air,  precipitation,  and  milk. 

EPA  sets  maximum  legal  limits  for  pesticide 
residues  on  food  and  feed  grains.  The 
Department  of  Agriculture  enforces  tolerances 
for  meat  and  poultry,  and  the  Food  and  Drug 
Administration  enforces  tolerances  for  all  other 
food  products  in  interstate  commerce. 

Shore  Protection  Act  (SPA)  1988  DOT/Coast  Guard  enforces  regulations 

regarding  pollution  of  beaches  and  coastlines. 
Civil  penalties  $10,000-25,000  day;  criminal 
fines  and  or  3  years  in  jail;  vessels  involved 
with  violation  liable  for  fines. 

Source:  Federal  Environmental  Laws,  West  Publishing  Company,  St.  Paul.  Minnesota  (1989). 


Environmental  Protection  Agency 

Within  EPA,  the  Office  of  Enforcement  and  Compliance  Monitor¬ 
ing  enforces  pollution  laws  governing  air,  water,  hazardous  was¬ 
tes,  and  toxics/pesticides.  Through  10  EPA  regional  offices, 
enforcement  personnel  cooperate  with  U.S.  attorneys,  state  at¬ 
torneys  general,  district  attorneys,  as  well  as  with  other  federal 
and  state  agencies  to  enforce  nine  mcgor  statutes  and  a  number 
of  minor  ones.®  A  criminal  unit,  established  in  1982,  consisted  of 
eight  attorneys  in  the  Washington  office,  at  least  one  attorney  in 
each  of  the  10  regional  offices,  and  49  investigators,  most  with 
criminal  justice  experience. 


Federal  Food  and  Drug  Control 
Act  (FFDCA) 


Lacey  Act 
Amendments 


Nuclear  Waste  Policy  Act 
(NWPA) 
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Criminal  charges  are  sought  for  significant  violations.  In 
contrast  to  civil  cases,  most  criminal  leads  come  from  sources 
outside  EPA,  primarily  from  disgruntled  employees  of  violators. 
After  a  case  is  referred  to  the  Department  of  Justice,  EPA 
criminal  attorneys  occasionally  may  be  asked  to  serve  on  the 
trial  team.  In  Boston,  Atlanta,  and  Dallas,  EPA  personnel  have 
been  designated  special  assistant  U.S.  attorneys  to  try  criminal 
cases.  In  seven  years  of  operation,  the  EPA  Oftice  of  Criminal 
Enforcement  has  referred  300  cases  to  the  Department  of  Jus¬ 
tice. 

In  practice,  EPA  has  written  regulations  and  established  en¬ 
forcement  precedents — administrative,  civil,  and  criminal — for 
new  federal  statutes,  before  turning  enforcement  programs  over 
to  the  states.  This  has  been  the  case  with  Clean  Air  and  Clean 
Water  permit  programs,  and  regulations  for  hazardous  sub¬ 
stance  programs  are  in  review. 

Clean  Air  Act 

EPA  sets  national  Clean  Air  standards  and  delegates  enforce¬ 
ment  to  the  states  through  agency-approved  programs.  The 
mggority  of  Clean  Air  violations  are  corrected  by  administrative 
actions  (see  Table  5-3  for  a  compilation  of  EPA  administrative 
enforcement  actions).  At  the  beginning  of  1989,  EPA  and  the 
states  identified  696  facilities  in  significant  violation  of  Clean 
Air  Act  regulations.  At  year’s  end,  over  230  of  these  facilities  had 
been  brought  into  compliance  97  were  following  an  enforceable 
compliance  schedule,  and  243  were  subject  to  a  formal  enforce¬ 
ment  action. 

In  1989  EPA  referred  92  Clean  Air  violations  to  the  Depart¬ 
ment  of  Justice  for  civil  action,  a  decrease  from  the  record  of  149 
cases  referred  in  1979  (Table  5-4).  EPA-approved  state  programs 
referred  96  Clean  Air  Act  cases  for  state  judicial  action  in  1989 
and  took  1,139  administrative  actions  (Table  5-5). 

In  1989  enforcement  actions  were  taken  against  a  variety  of 
violators,  ranging  from  Fortune  400  corporations  to  neighbor¬ 
hood  garages.  For  example,  in  V^sconsin  a  mcgor  pulp  and  paper 
company  that  was  releasing  large  quantities  of  sulfur  dioxide 
entered  into  a  federal  consent  decree  and  agreed  to  install  $9 
million  worth  of  pollution-prevention  equipment  and  pay  a 
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Source:  U  S  Environmental  Protection  Agency,  FY  1989  Enforcement  Accomplishments  Report.  EPA,  Washington,  DC  (1990). 


EPA  Referrals  to  the  Department  of  Justice,  Fiscal  Years  1972-89.* _ 

_ CIVIL _  _ CRIMINAL _ 
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‘Excluding  water  enforcement  actions,  civil  and  criminal,  under  the  Refuse  Act.  See  Figure  5-1. 

Source:  U  S.  Environmental  Protection  Agency,  FY  1989  Enforcement  Accomplishments  Report,  EPA,  Washington,  DC  (1990). 
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Table  5-5.— State  Environmental  Agency  Enforcement  Actions  by  Program, 
Fiscal  Years  1985-89. 


FIFRA 

WATER 

AIR 

RCRA 

TOTAL 

Administrative 

Orders 

FY85 

8,899 

2,936 

448 

459 

12,742 

FY86 

6,055 

2,827 

760 

519 

10,161 

FY87 

5,922 

1,663 

907 

613 

9,105 

FY88 

5,078 

2,887 

655 

743 

9,363 

FY89 

6,698* 

3,100 

1,139 

1,189 

12,126 

Judiciai 

Referrais 

FY85 

8,899 

137 

182 

82 

401 

FY86 

6,055 

221 

162 

25 

408 

FY87 

5,922 

286 

351 

86 

723 

FY88 

5,078 

687 

171 

46 

904 

FY89 

6,698* 

489 

96 

129 

714 

‘Includes  3,409  warning  letters. 

Source:  U  S.  Environmental  Protection  Agency,  FY 1989  Enforcement  Accomplishments  Report,  EPA, 
Washington,  DC  (1990). 

$200,000  penalty.  In  Texas,  the  owners  of  a  mufller  shop  that 
had  removed  catalytic  converters  from  over  20  vehicles  were 
penalized  $1,750  per  vehicle  in  the  highest  civil  penalty  assessed 
by  a  federal  court  for  violation  of  the  anti-tampering  prohibition 
of  the  Clean  Air  Act. 

Clean  Water  Act  and 
Safe  Drinking  Water  Act 

In  its  early  years,  EPA  referred  water  pollution  abatement  cases 
to  the  Department  of  Justice  for  action  under  the  Refuse.  In  1972 
federal  prosecutors  obtained  200  criminal  convictions  for  the  dis¬ 
charge  of  pollutants  into  navigable  waters.  That  same  year, 
amendments  to  the  Federal  Water  Pollution  Control  Act  super- 
ceded  the  Refuse  Act  as  the  primary  basis  for  bringing  judicial 
actions  against  industries,  and  new  regulations  were  written.^® 
As  was  the  case  with  the  Clean  Air  Act,  the  Clean  Water  Act 
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authorized  EPA  to  set  national  standards  and  assist  the  states  in 
enforcing  them. 

After  a  3-year  phase-in  period,  EPA  began  referring  Clean 
Water  violations  to  the  Department  of  Justice  for  civil  actions. 
The  numbers  have  fluctuated  over  the  years  from  a  high  of  137 
referrals  in  1978  to  94  referrals  in  1989.  As  administrative  sanc¬ 
tions  increased,  only  the  most  serious  violations  or  the  most 
recalcitrant  violators  were  referred  to  the  Department  of  Justice; 
most  violations  were  resolved  administratively.  In  1975  Clean 
Water  Act  and  Safe  Drinking  Water  Act  administrative  actions 
together  totaled  738;  by  1989  that  number  had  tripled. 

For  the  Clean  Water  Act  alone  in  1989,  EPA  and  the  states 
listed  514  facilities  in  significant  noncompliance  with  regula¬ 
tions.  Of  these,  236  were  returned  to  compliance  and  181  were 
subject  to  enforcement  actions,  including  a  growing  number  of 
criminal  prosecutions. 

In  Massachusetts,  for  example,  a  1989  federal  enforcement 
action  led  to  that  state’s  first  environmental  prosecution  result¬ 
ing  in  a  jail  term.  Two  owners  of  an  electroplating  shop  in  Lowell 
were  incarcerated  for  discharging,  over  a  period  of  years,  waste- 
water  contaminated  with  high  levels  of  lead,  copper,  and  nickel. 
They  were  discharging  the  pollutants  into  the  Lowell  sewer  sys¬ 
tem  and  directly  into  a  tributary  of  the  Merrimack  River,  which 
is  the  source  of  drinking  water  for  Lowell  and  other  com¬ 
munities. 

Criminal  sanctions  have  been  strengthened  for  knowing 
violations  of  dredge-and-fill  regulations,  and  in  1989  two  Florida 
men  received  federal  jail  terms  for  the  unpermitted  excavation 
and  discharge  of  dredge  spoils  on  a  wetlands  site.  A  condition  of 
their  sentencing  was  that,  on  release  from  prison,  they  restore 
the  site.  In  Pennsylvania,  the  first  federal  wetlands  case  to  go 
before  a  jury  resulted  in  a  fine  of  $202,000  and  three  years  in  jail 
for  the  owner  of  a  14-acre  wetlands  property,  who  filled  the  site 
despite  cease-and-desist  orders  from  the  U.S.  Army  Corps  of  En¬ 
gineers  and  a  temporary  restraining  order  from  a  federal  court.^^ 

The  Clean  Water  Act  laid  the  groundwork  for  EPA  to  bring 
all  publicly  owned  sewage-treatment  centers  into  compliance 
with  national  standards.  Over  the  years,  deadlines  have  been  ex¬ 
tended,  yet  a  number  of  cities  remain  in  noncompliance.  In  1989 
EPA  took  enforcement  actions  against  61  municipalities.  Of 
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these,  19  were  civil  court  actions  against  publicly  owned  was¬ 
tewater  treatment  facilities  that  were  not  implementing  ap¬ 
proved  pretreatment  programs.  The  highest  Clean  Water  Act 
penalty  obtained  against  a  municipality  was  imposed  in  1989 
when  a  Denver  sewage  district  was  assessed  $1.1  million. 

Under  the  Safe  Drinking  Water  Act,  EPA  tracks  significant 
noncompliance  by  public  water  supply  systems.  In  the  1980s 
groundwater  began  receiving  enforcement  attention,  and  EPA- 
approved  state  programs  now  enforce  maximum  contaminant 
levels  and  regulate  iid^ction  of  wastes  into  deep  wells. 

In  a  1989  civil  action,  a  petroleum  company  in  Indiana,  as 
part  of  a  federal  consent  decree,  agreed  to  come  into  compliance 
with  regulations  for  underground  iryection  control  at  nine  of  its 
injection  wells  and  to  pay  a  $55,000  fine.  In  another  case,  EPA  is¬ 
sued  an  administrative  order  against  the  owners  of  a  Superfund 
site,  because  contaminants  had  migrated  off  site,  contaminating 
drinking  wells.  The  polluters  were  required  to  provide  alternate 
water  supplies  to  affected  residents. 

Federal  Insecticide,  Fungicide,  and 
Rodenticide  Act 

The  FIFRA  amendments  of  1972  authorized  EPA  to  register  new 
pesticides,  test  all  pesticides  on  the  market,  and  certify  ap¬ 
plicators  of  restricted-use  pestici.  In  1989  cooperative 
state/federal  actions  were  taken  against  142  facilities  in  sig¬ 
nificant  noncompliance  with  FIFRA  regulations.  By  year’s  end, 
all  but  26  cases  had  been  resolved. 

Over  the  years,  FIFRA  enforcement  has  changed  focus  from 
assuring  that  insecticides,  fungicides,  and  rodenticides  actually 
kill  pests  to  assuring  that  they  do  not  at  the  same  time  harm 
human  health  or  the  environment.  This  midstream  change  has 
placed  EPA  in  what  some  call  "the  FIFRA  trap."^^  Td  suspend  or 
cancel  a  pesticide,  EPA  must  employ  a  "tortuous  mechanism" 
fraught  with  "procedural  obstacles"  that  may  account  for  the  cur¬ 
rent  decline  in  FIFRA  enforcement  actions.  In  1972  EPA  took  860 
administrative  actions  against  FIFRA  violators.  The  figures  rose 
to  a  high  of  2,488  actions  in  1976,  and  then  fluctuated  to  the 
1989  figure  of  443  actions.  In  1985  the  states  initiated  8,899 
FIFRA  administrative  orders;  in  1989  that  number  had  declined 
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to  6,698.  The  figures  suggest  that  it  may  have  been  simpler  to 
enforce  regulations  requiring  pesticides  to  kill  pests  than  it  is  to 
ensure  that  the  same  pesticides  do  not  pollute  the  environment. 

Under  the  Federal  Food,  Drug,  and  Cosmetic  Act  (FFDCA), 
EPA  sets  maximum  legal  limits  or  tolerances  for  pesticides  on 
food  or  feed  crops.  The  Department  of  Agriculture  enforces  pes¬ 
ticide  tolerances  for  meat  and  poultry,  and  the  Food  and  Drug 
Administration  in  the  Department  of  Health  and  Human  Ser¬ 
vices  enforces  tolerances  for  all  other  food  products  in  interstate 
commerce. 

Marine  Protection^  Research,  and 
Sanctuaries  Act 

Also  known  as  the  Ocean  Dumping  Act,  the  Marine  Protection, 
Research,  and  Sanctuaries  Act  (MPRISA)  authorizes  EPA  and 
the  Corps  of  Engineers  to  regulate  ocean  dumping  by  means  of  a 
permit  system.  A  1988  amendment,  known  as  the  Ocean  Dump¬ 
ing  Ban  Act,  prohibits  dumping  of  sewage  sludge,  industrial 
waste,  and  infectious  medical  wastes  into  the  ocean,  and  estab¬ 
lishes  a  scheme  for  phasing  out  currently  permitted  dumping  of 
sludge. 

Td  enforce  the  law,  the  Coast  Guard  monitors  barges,  using 
on-board  inspections  and  electronic  surveillance.  Barges  are 
fitted  with  "black  boxes"  that  measure  the  vessels’  draft  in  the 
water  and  transmit  the  data  to  a  Coast  Guard  vessel.  A  sudden 
change  in  a  barge’s  draft  prior  to  reaching  a  designated  site  could 
indicate  illegal  ocean  dumping.  Although  only  a  few  permits 
have  been  issued,  permittees  are  tracked  carefully  because  of  the 
potential  for  pollution  and  the  public’s  reaction  to  ocean  dumping 
in  recent  years. 

Toxic  Substance  Control  Act 

Passed  in  1976,  the  Toxic  Substance  Contol  Act  (TSCA) 
authorizes  EPA  to  test  new  chemicals  and  to  maintain  an  inven¬ 
tory  of  chemicals  in  commercial  use.  The  law  bans  the  manufac¬ 
ture  of  compounds  that  pose  an  unreasonable  risk  to  human 
health  or  the  environment,  such  as  polychlorinated  biphenyls 
(PCBs). 
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At  the  beginning  of  1989  EPA  reported  452  significant  non- 
compliance  cases  involving  asbestos  and  PCBs,  including  asbes¬ 
tos  in  schools.  By  the  end  of  the  year,  336  of  the  cases  bad  been 
resolved,  but  meanwhile,  468  new  cases  bad  been  identified,  and 
397  enforcement  actions  were  taken. 

Most  TSCA  violations  are  corrected  administratively.  In 
1979,  when  EPA  begem  taking  administrative  actions  against 
TSCA  violators,  22  actions  were  recorded.  After  increasing  to  a 
high  of  1,051  in  1987,  actions  decreased  to  538  in  1989.  TSCA 
referrals  to  the  Department  of  Justice  have  never  been  exten¬ 
sive.  Beginning  with  3  civil  referrals  in  1979,  the  numbers  in¬ 
creased  to  a  high  of  24  cases  in  1986  and  stood  at  9  referrals  in 
1989. 

Resource  Conservation  and 
Recovery  Act 

The  1976  EPA  annual  report  on  enforcement  listed  "Air,  Noise, 
Pesticides,  and  Water"  in  its  title,  but  not  hazardous  waste.  In 
October  of  that  year.  Congress  amended  the  Solid  Waste  Dis¬ 
posal  Act  to  regulate  hazardous  wastes  from  generation  to  dis¬ 
posal — cradle  to  grave.  Those  amendments,  known  as  the 
Resource  Conservation  and  Recovery  Act  (RCRA),  authorized 
EPA  to  work  with  the  states  to  enforce  hazardous  waste  regula¬ 
tions. 

EPA  administrative  enforcement  under  RCRA  has  fluc¬ 
tuated  from  189  actions  in  1981  to  453  actions  in  1989.  RCRA 
civil  referrals  to  the  Department  of  Justice  increased  in  1989  to  a 
record  high  of  169  cases;  RCRA  criminal  referrals  also  increased. 
State  RCRA  enforcement  showed  an  increase  in  administrative 
actions  and  a  decrease  in  judicial  referrals  by  nearly  half. 

During  1989  EPA  and  the  states  identified  664  facilities  in 
significant  violation  of  RCRA  regulations.  By  the  end  of  the  year, 
78  facilities  had  been  returned  to  compliance.  Of  the  88  percent 
still  out  of  compliance,  300  were  on  compliance  schedules,  and 
284  had  enforcement  actions  pending  against  them.  Included  in 
the  statistics  are  actions  taken  to  regulate  underground  gas  and 
oil  storage  tanks. 
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RCRA  penalties,  like  those  of  many  environmental  laws,  are 
increasing.  For  example,  a  Louisiana  company  recently  pled  guil¬ 
ty  to  one  felony  RCRA  charge  for  the  unpermitted  storage  of  haz¬ 
ardous  waste  and  to  two  misdemeanor  charges  under  the  Refuse 
Act.  The  owners  agreed  to  pay  a  million-dollar  fine. 

As  states  initiate  EPA-approved  RCRA  programs,  joint 
state/federal  enforcement  actions  are  becoming  more  common. 
For  example,  in  1989  a  cooperative  action  by  EPA  special  agents 
and  Connecticut  Department  of  Environmental  Protection  inves¬ 
tigators  led  to  a  guilty  plea  by  a  chemical  corporation  to  one 
felony  count  relating  to  hazardous  waste  disposal  practices  and 
to  two  felony  counts  for  making  false  statements  to  EPA.  The  in¬ 
vestigation  revealed  hundreds  of  buried  drums  containing  h£iz- 
ardous  waste  and  a  trench  into  which  2,000  gallons  of  sulfuric 
acid  had  been  dumped.  The  company  also  paid  a  million-dollar 
fine,  half  of  which  was  directed  back  to  the  state  for  site  cleanup. 
A  former  vice-president  of  the  company  pled  guilty  to  the  same 
charges  and  received  a  3-year  suspended  sentence  and  a  $10,000 
fine. 

Uranium  Mill  Tailings  Radiation 
Control  Act 

In  1978  the  Uranium  Mill  Tailings  Radiation  Control  Act 
authorized  EPA  to  set  generally  applicable  standards  limiting 
radiation  releases  from  mill  tailings  at  active  and  inactive 
uranium  mills  and  underground  uranium  mines.  The  Nuclear 
Regulatory  Commission  enforces  the  law. 

Comprehensive  Environmental 
Response,  Compensation,  and 
Liability  Act 

The  law  authorizing  Superfund  was  passed  in  1980  and 
amended  in  1986  by  the  Superfund  Amendments  and  Reauthori¬ 
zation  Act.  CERCLA  and  SARA  require  the  parties  responsible 
for  sites  contaminated  by  hazardous  materials  to  conduct 
cleanups  under  government  supervision.  In  1989  an  EPA  inven¬ 
tory  identified  27,000  such  sites  nationwide,  and  a  National 
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Priorities  List  ranked  the  1,077  most  dangerous  sites.  If  respon¬ 
sible  parties  are  unwilling  to  clean  up  sites,  EPA  may  issue  an 
administrative  order.  The  agency  began  taking  administrative 
actions  against  violators  in  1984,  when  it  issued  137  orders.  The 
numbers  fluctuated  to  a  high  of  224  actions  in  1988  and  declined 
slightly  to  212  Superfund  administrative  actions  in  1989.  If  a 
cleanup  order  is  ignored,  EPA  can  proceed  to  clean  up  the  site 
with  Superfund  monies,  but  responsible  parties  then  may  be  li¬ 
able  for  punitive  damages  up  to  triple  the  cost  of  federal 
remedial  work. 

In  1989  EPA  referred  153  Superfund  cases  to  the  Depart¬ 
ment  of  Justice  for  civil  action.  Remedial-action  consent  decrees 
valued  at  $594  million  were  completed  for  48  of  these  sites. 
Reimbursements  for  past  work  by  EPA  brought  this  total  to  over 
$800  million.  For  the  first  time  since  the  program  began,  private 
parties  undertook  more  remedial  actions  in  1989  than  were 
begun  by  the  government  under  Superfund. 

Because  of  the  cost  of  site  cleanups,  multi-million-dollar  set¬ 
tlements  are  common  in  Superfund  cases.  In  Massachusetts,  for 
example,  two  consent  decrees  provided  for  a  $33.1  million  settle¬ 
ment  with  48  responsible  parties,  who  will  work  at  three  sites, 
while  EPA  continues  at  a  fourth.  The  companies  had  dumped 
hazardous  wastes  in  septic  systems  and  in  open  fields  next  to  a 
residential  neighborhood,  causing  soil  and  groundwater  con¬ 
tamination.  Residential  drinking  water  supplies  had  to  be 
replaced. 

The  Emergency  Planning  and  Community  Right-to-Know 
Act  (EPCRA),  Title  III  of  SARA,  requires  specified  facilities  to 
report  releases  of  any  of  300  toxic  chemicals.  EPA  maintains  a 
computer  database,  called  the  Toxic  Chemical  Release  Inventory 
(TRI),  which  aggregates  the  information.  In  1987  EPA  received 
75,000  reports  of  releases  from  18,000  facilities.  The  database, 
available  simultaneously  to  EPA  and  the  public  through  com¬ 
puter  telecommunications,  is  proving  valuable  to  both  public 
agencies  and  private  citizens  who  seek  to  enforce  environmental 
laws.^^ 
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Nuclear  Regulatory  Commission 

The  Nuclear  Regulatory  Commission  (NRC),  created  by  the 
Energy  Reorganization  Act  of  1974,  enforces  U.S.  laws  governing 
civilian  uses  of  nuclear  material.  Such  uses  include  the  operation 
of  nuclear  power  plants  and  applications  in  medicine,  industry, 
and  research.  To  protect  public  health  and  safety,  the  environ¬ 
ment,  and  national  security,  NRC  enforces  the  Atomic  Energy 
Act,  the  Uranium  Mill  Tailings  Radiation  Control  Act,  the 
Nuclear  Waste  Policy  Act,  and  other  statutes  dealing  with  radia¬ 
tion. 

The  NRC  Ofiice  of  Enforcement  manages  the  agency’s  enfor¬ 
cement  program.  NRC  inspections  are  conducted  by  ap¬ 
proximately  550  full-time  equivalents  located  in  the  five  NRC 
regions  and  at  headquarters.  The  inspectors  submit  compliance 
reports,  as  do  licensees  themselves.  Enforcement  actions  include 
written  notices  of  violations,  civil  penalties,  and  orders.  In  1988 
the  largest  civil  penalty  to  date,  $1.25  million,  was  issued  to  a 
Pennsylvania  nuclear  power  plant  for  failure  to  detect,  report, 
and  deal  with  inattentive  operators,  33  of  whom  were  penalized 
$500-$l,000  each.  In  1989  a  Colorado  mining  compeiny  received  a 
civil  penalty  of  $3,750  for  violating  the  Uranium  Mill  Tailings 
Radiation  Control  Act  by  failing  to  monitor  radon  emissions  from 
a  uranium  mine. 

The  NRC  Office  of  Investigations,  with  a  staff  of  35  inves¬ 
tigators,  handles  allegations  of  willful  violations.  In  1988  NRC 
investigators  opened  91  new  cases  and  closed  107  cases,  28  of 
which  were  referred  to  the  Criminal  Division  of  the  Department 
of  Justice  for  prosecution.  A  msgor  investigation  focused  on  al¬ 
legations  that  counterfeit  and  defective  parts  were  being  sold  to 
nuclear  power  plants,  the  National  Aeronautics  and  Space  Ad¬ 
ministration  (NASA),  the  Department  of  Defense  (DOD),  and 
other  federal  agencies.  Ten  criminal  search-and-seizure  war¬ 
rants  were  executed  in  southern  California,  and  two  employees 
of  a  nuclear  materials  firm  pled  guilty  to  charges  of  conspiracy  to 
defraud  the  government.  They  were  sentenced  to  three  years 
probation  and  fined  $10,000  and  $2,500.  The  company  was  fined 
$100,000,  and  a  former  president  of  the  firm  was  convicted  and 
sentenced  to  two  years  in  jail,  three  years  probation,  and  a 
$100,000  fine.  Also  in  1988  an  investigation  of  an  americium-241 
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spill  at  Wright-Patterson  Air  Force  Base  in  Dayton,  Ohio,  led  to  a 
guilty  plea  by  a  former  radiation  safety  officer,  who  admitted  il¬ 
legal  possession  of  radioactive  material.^^  As  a  result  of  the  in¬ 
vestigation,  NRC  collected  a  civil  penalty  of  $102,500  from  the 
Air  Force. 

However,  the  mcgority  of  NRC  violations  between  1974  and 
1989  were  cases  of  negligence  that  could  be  resolved  administra¬ 
tively.  In  1989  over  1,000  notices  of  violations  were  written,  100 
civil  penalties  were  imposed,  and  14  orders  were  issued.  During 
the  past  two  decades,  civil  penalties  have  increased  sharply.  In 
1974  the  total  for  the  year  was  somewhat  over  $100,000;  by  1981 
it  had  risen  to  over  $1  million,  and  1988  saw  the  first  million-dol- 
lar  penalty.  Ibtal  civil  penalties  issued  in  1989  exceeded  $5.6 
million. 


Department  of  Defense 

The  1972  Clean  Water  Act  amendments  authorized  the  U.S. 
Army  Corps  of  Engineers  (COE)  to  issue  permits  for  the  deposit 
of  dredge-and-fill  material  in  the  nation’s  navigable  waters.  At 
first,  permits  were  only  required  for  waters  used  in  commercial 
navigation,  but  a  1975  citizen’s  suit  led  to  a  court  ruling  that  in¬ 
cluded  all  waters  of  the  United  States,  including  the  territorial 
seas,  and  all  coastal  and  inland  wetlands.  Then  in  1977  amend¬ 
ments  to  the  Clean  Water  Act  gave  EPA-approved  states  the 
authority  to  establish  permit  programs  to  protect  waters  and 
wetlands  other  than  those  traditionally  used  for  navigation. 
Today  EPA  and  COE  cooperate  on  wetlands  enforcement. 

The  COE  Clean  Water  Act  caseload  increased  from  1,000 
complaints  in  1977  to  over  7,000  in  1989,  about  half  of  which 
turned  out  to  be  actual  violations  of  the  law.  In  the  same  time, 
enforcement  staff  increased  from  600  to  800  nationwide.  Most 
violations  are  handled  within  the  agency,  but  in  1989  the  Corps 
referred  125  cases  to  EPA  for  administrative  penalties  and  45 
cases  to  the  Department  of  Justice  for  judicial  actions.  The  Corps 
issues  permits  for  discharges  into  navigable  waters  under  the 
Rivers  and  Harbors  Act  and  permits  for  dredge-and-fill  opera¬ 
tions  under  the  Ocean  Dumping  Act.  In  1989  ocean-dumping  per¬ 
mits  were  issued  for  27  coastline-construction  and  harbor- 
maintenance  projects,  and  12  ocean-dumping  violations  were 
detected.^® 
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Department  of  the  Interior 

One  of  the  primary  duties  of  the  Department  of  the  Interior’s 
Fish  and  Wildlife  Service  (FWS)  is  to  enforce  the  Lacey  Act.  This 
legislation,  passed  in  1900  to  prohibit  interstate  commerce  in  un¬ 
lawfully  taken  wildlife,  was  inspired  by  the  shooting  of  the  last 
buffalo  living  in  Yellowstone  National  Park.  In  1981  Congress 
amended  the  Lacey  Act  to  strengthen  enforcement  provisions 
and  establish  felony  offenses  punishable  by  a  penalty  of  $20,000 
and/or  five  years  in  jail.  The  FWS  also  enforces  the  Endangered 
Species  Act,  the  Migratory  Bird  Treaty  Act,  the  Marine  Mammal 
Protection  Act,  the  Airborne  Hunting  Act,  and  the  Bald  and  Gold¬ 
en  Eagle  Protection  Act,  among  others. 

In  recent  years,  the  wildlife  black  market  has  become  highly 
profitable.  An  eagle-feather  headdress  may  bring  $10,000,  and  a 
live  American  hunting  falcon  sells  for  $100,000  in  some  Middle- 
East  countries.  High  profits  attract  wildlife  smugglers  who 
operate  through  crime  rings  that  also  smuggle  guns  and  drugs. 
Thus  the  Division’s  207  special  agents  have  full  arrest  and  fire¬ 
arm  powers. 

In  addition,  56  uniformed  inspectors  staff  msgor  ports  of 
entry  to  monitor  import  and  export  shipments  of  living  wildlife 
and  wildlife  products.  In  1988  they  inspected  18,289  shipments, 
about  one-fifth  of  the  total  wildlife  shipments  received  that  year 
at  U.S.  ports  of  entry.  The  value  of  the  shipments  inspected  was 
close  to  $1  billion.^^ 

Between  1986  and  1988  violations  detected  through  port  in¬ 
spections,  undercover  operations  (Table  5-6),  complaints,  and  in¬ 
vestigations  led  to  some  27,000  enforcement  actions.  Returns  to 
the  government  from  civil  and  criminal  penalties  and  property 
forfeitures  for  the  three  years  totaled  $8.8  million,  and  sentenc¬ 
ing  included  457  years  of  jail  terms.  The  majority  of  actions  were 
handled  by  FWS  enforcement  personnel  or  by  Department  of  In¬ 
terior  attorneys.  Cases  requiring  judicial  actions  were  referred  to 
the  ^^^ldlife  and  Marine  Resources  Section  of  the  Department  of 
Justice  or  to  the  office  of  a  U.S.  attorney. 
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Source:  DOI  Fish  ancj  Wildlife  Service.  Division  of  Law  Enforcement.  Information  Sheet  (1990). 
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Department  of  Commerce 

The  Office  of  Enforcement  of  the  DOC/NO AA  National  Marine 
Fisheries  Service  (NMFS)  enforces  the  provisions  of  the  Mag- 
nuson  Fishery  Conservation  and  Management  Act.  In  1976  this 
act  established  a  200-mile  fish  conservation  zone  off  the  coast  of 
the  United  States,  thus  quadrupling  the  area  in  which  the  agen¬ 
cy  enforces  fish  and  shellfish  regulations.  Fishing  out  of  season, 
landing  in  excess  of  catch  limits,  or  harvesting  undersized  fish  or 
shellfish  are  t3q)ical  violations  under  the  Magnuson  Act.  Illegal 
catches  can  be  seized  and  sold,  and  in  cases  of  unpaid  penalties, 
fishing  vessels  can  by  confiscated. 

The  agency  also  enforces  provisions  of  the  Endangered 
Species  Act,  the  Lacey  Act,  the  Marine  Mammal  Protection  Act, 
the  Marine  Protection  Research  and  Sanctuaries  Act,  the  North¬ 
ern  Pacific  Halibut  Act,  the  Tunas  Convention  Act,  and  the 
Agricultural  Marketing  Act,  among  others.  In  1989  agents  con¬ 
ducted  investigations  and  built  cases  that  led  to  2,674  enforce¬ 
ment  actions.  Most  violations  were  resolved  through  civil  admin¬ 
istrative  procedures;  however,  50  criminal  cases  were  referred  to 
the  Department  of  Justice  (Table  5-7).  The  NMFS  Office  of  En¬ 
forcement  detects  and  documents  illegal  fishing  for  salmon  con¬ 
ducted  on  the  high  seas  by  driftnet  vessels  from  Taiwan,  Korea, 
and  Japan.^®  Cases  brought  under  the  Lacey  Act  have  resulted  in 
jail  sentences  as  high  as  5  1/2  years  and  forfeitures  in  excess  of 
$500,000.  Enforcement  personnel  also  use  the  Lacey  Act  to  stop 
the  interstate  transportation  and  sale  of  unwholesome,  unheath- 
ful  molluscan  shellfish  harvested  from  polluted  areas. 


Department  of  Transportation 

Since  1936,  when  Congress  authorized  the  Coast  Guard  to  en¬ 
force  all  federal  laws  on  the  high  seas  and  on  U.S.  navigable 
waters,  that  agency  has  been  the  world’s  largest  maritime  police 
force.  Officers  may  board  foreign  vessels  in  U.S.  waters  with  per¬ 
mission,  and  they  may  board  U.S.  ships  anywhere  in  the  world. 
The  Coast  Guard  enforces  federal  environmental  laws  affecting 
U.S.  waters  and  beaches,  including  the  Clean  Water  Act,  the 
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Table  5*7. — Enforcement  Actions  Taken  by  the  DOC/NOAA  National  Marine  Fisheries  Service,  Office  of  Enforcement, 
1984-89. _ 

_ administrative _  CRIMINAL  CATCHES  FINES  PROPERTY  VESSELS 

YEAR  CASES  COUNTS  CASES  COUNTS _ CASES _ SEIZED _ PAID*  FORFEITED _ SEIZED  AGENTS 

. thousand  $  . 
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Ocean  Dumping  Act,  the  Endangered  Species  Act,  and  the  Mag- 
nuson  Fishery  Conservation  and  Management  Act.  Within  the 
U.S.  200-mile  fish  conservation  zone,  foreign  vessels  must  obtain 
permission  to  fish,  and  the  Coast  Guard  and  NOAA  enforce  fish¬ 
ing  regulations  in  the  zone. 

Congress  responded  to  public  concerns  about  wastes  wash¬ 
ing  up  on  beaches  by  passing  the  1988  Shore  Protection  Act, 
which  the  Coast  Guard  also  enforces.  The  Clean  Water  Act  desig¬ 
nates  the  Coast  Guard  as  the  on-scene  coordinator  for  responses 
to  oil  spills,  and  the  Coast  Guard  National  Strike  Force  has 
teams  trained  to  respond  to  oil  and  chemical  spills.  Most  Coast 
Guard  enforcement  involves  administrative  actions.  Cases  re¬ 
quiring  civil  and  criminal  actions  are  referred  to  the  Department 
of  Justice. 

The  Coast  Guard  also  enforces  the  Hazardous  Materisds 
Transportation  Act  (HMTA)  in  coi\junction  with  DOT  ad¬ 
ministrations.  Within  the  Department  of  Transportation,  the  Re¬ 
search  and  Special  Programs  Administration  (RSPA)  coordinates 
enforcement  of  HMTA.  The  act,  passed  in  1976,  regulates  the 
transport  of  hazardous  materials  on  the  nation’s  roads,  railways, 
waters,  and  in  the  skies.  Enforcement  actions  and  surveillance  to 
ensure  compliance  in  each  mode  of  transportation  are  conducted 
by  the  following  DOT  agencies:  the  Federal  Highway  Ad¬ 
ministration,  the  Federal  Railroad  Administration,  the  Coast 
Guard,  and  the  Federal  Aviation  Administration.^® 

Most  violations  of  HMTA  are  corrected  by  administrative  ac¬ 
tions,  and  in  1988  DOT  agencies  initiated  1,397  enforcement  ac¬ 
tions  and  collected  $1.27  million  in  penalties  under  the  act. 
Railroads  paid  the  highest  penalties,  with  an  average  fine  of 
$9,793  (Table  5-8).  The  Customs  Service  in  the  Department  of 
the  Treasury  cooperates  with  DOT  and  EPA  in  investigations  of 
illegal  imports  or  exports  of  hazardous  materials. 


Department  of  Labor 

The  Department  of  Labor’s  Occupational  Safety  and  Health  Ad¬ 
ministration  (OSHA)  was  created  by  the  Occupational  Safety 
and  Health  (OSH)  Act  in  1970,  the  same  year  that  CEQ,  EPA, 
and  NOAA  were  created.  OSHA  is  primarily  an  enforcement 
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Table  5-8.— Civil  Enforcement  Actions  Taken  by  Department  of  Transportation  Agencies  under  the  Hazardous  Materials 
Transportation  Act,  1987-88. 
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U  S.  Coast  Guard 

1987  1,083  272  64  111,118  884 

1988  _ 1,131 _ 321 _ 120 _ 119,687 _ 823 

Source;  U  S.  Department  of  Transportation,  Annual  Report  on  Hazardous  Materials  Transportation— Calendar  Year  1988.  DOT,  Washington,  DC  (1989). 
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agency,  and  a  mcgority  of  its  employees  work  as  inspectors. 
Federal  regulations  protect  the  safety  and  health  of  workers  by 
regulating  exposures  to  work  hazards  and  toxic  substances. 

Violations  of  the  OSH  Act  are  subject  to  administrative 
penalties,  but  enforcement  officials  have  found  that  criminal 
prosecutions  may  be  the  most  effective  enforcement  tool.*®  For 
example,  in  1985  three  executives  of  a  silver  recovery  firm  were 
sentenced  in  Illinois  state  court  to  25  years  in  prison,  and  each 
was  fined  $10,000  for  contributing  to  the  death  of  an  employee  in 
a  cyanide  explosion. 

Criminal  cases  where  an  employer  knowingly  violates  a 
regulation  that  results  in  an  employee’s  death  may  be  referred  to 
state  prosecutors  or  to  the  U.S.  Department  of  Justice.  In  1989  a 
U.S.  court  imposed  the  first  federal  incarceration  imder  the  OSH 
Act,  in  a  case  where  a  South  Dakota  employer  was  found  guilty 
of  negligence  that  led  to  the  deaths  of  two  employees.*^ 


Department  of  Justice 

Federal  litigation,  civil  and  criminal,  is  handled  by  the  U.S. 
Department  of  Justice  (DOJ),  whose  lawyers  represent  federal 
agencies  when  they  sue  and  when  they  are  sued.  Within  the  DOJ 
Land  and  Natural  Resources  Division,  a  number  of  sections 
litigate  environmental  matters. 

Environmental  Enforcement  Section 


The  largest  section  in  the  Land  Division  has  a  staff  of  130  attor¬ 
neys  who  handle  civil  suits  in  which  the  United  States  sues  cor¬ 
porations  and  individuals  for  violations  of  environmental 
statutes.  The  staff,  which  has  quadrupled  in  the  past  five  years, 
handles  the  majority  of  federal  civil  environmental  cases.  Most 
civil  cases  do  not  go  to  trial  but  end  in  settlements  through  court- 
approved  consent  decrees.  EPA  is  the  section’s  megor  client, 
referring  95  percent  of  its  cases. 

In  1989  four  statutes — Superfund,  RCRA,  the  Clean  Air  Act, 
and  the  Clean  Water  Act — dominated  a  caseload  of  approximate¬ 
ly  900  cases  in  the  Environmental  Enforcement  Section.  Super- 
fund  accounted  for  over  half  of  those  cases.  Other  cases  con- 
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cerned  violations  of  TSCA,  the  Safe  Drinking  Water  Act,  the 
Rivers  and  Harbors  Act,  the  Ocean  Dumping  Act,  and  the  Shore 
Protection  Act. 

In  some  cases,  DOJ  sued  responsible  parties  for  reimburse¬ 
ment  after  EPA  cleaned  up  a  hazardous  waste  site  using  Super¬ 
fund  monies.  In  other  cases,  DOJ  sued  to  obtain  a  judicial 
consent  decree  when  EPA  was  seeking  to  have  responsible  par¬ 
ties  manage  a  cleanup.  DOJ  also  sued  to  enforce  EPA  ad¬ 
ministrative  orders  that  were  not  being  followed.  In  some 
Superfund  and  Clean  Water  cases,  when  natural  resources  had 
been  ii^jured  or  destroyed  by  hazardous  substances  or  oil  spills, 
DOJ  pursued  claims  for  natural  resource  damages  against 
responsible  parties. 

Environmental  Crimes  Section 

Prosecution  of  environmental  crimes  is  a  rntgor  trend  in  environ¬ 
mental  enforcement  and  a  DOJ  priority.  The  Environmental 
Crimes  Section,  first  established  as  a  unit  in  1982,  was  elevated 
to  section  status  in  1987.  The  staff  has  increased  to  23 
prosecutors  who  work  in  conjunction  with  U.S.  attorneys  on 
cases  primarily  referred  by  EPA  but  also  by  other  federal  agen¬ 
cies.  Over  the  past  six  years,  432  guilty  pleas  or  convictions  have 
been  obtained.  Criminal  fines  totalled  $26  million,  and  sentenc¬ 
ing  resulted  in  98  years  of  confinement.  The  figures  for  pleas  or 
convictions,  fines,  and  confinement  were  highest  in  1989  (see 
Table  5-9).  The  cases  involved  individuals,  organizations,  and 
federal  facilities. 

The  prosecution  for  criminal  violations  of  environmental 
laws  at  federal  facilities  is  a  recent  development.  In  the  past,  be¬ 
cause  one  federal  agency  cannot  sue  another,  enforcement  of 
federal  environmental  laws  often  was  limited  to  EPA  administra¬ 
tive  actions,  usually  without  penalty.  The  states  were  actually  in 
a  better  legal  position  to  force  compliance  with  state  environ¬ 
mental  laws,  but  the  situation  is  changing.  In  May  1989  three 
civilian  managers  employed  by  the  U.S.  Army  at  the  Aberdeen 
Proving  Ground  in  Maryland  were  convicted  in  federal  court  of 
illegal  storage,  treatment,  and  dumping  of  hazardous  chemicals 
used  to  make  chemical  weapons.  This  case  marked  the  first  time 
that  federal  officials  were  held  criminally  liable  for  violating  en¬ 
vironmental  laws. 
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Table  5-9.— Enforcement  Actions  Taken  by  the  Department  of  Justice  against  Criminal  Violations  of  Environmental  Laws, 
Fiscal  Years  1983-89. 
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Overall,  the  number  of  criminal  environmental  cases  being 
developed  has  increased  sharply.  In  many  of  them,  federal  and 
state  enforcers  work  together,  and  those  cases  declined  by  the 
federal  government  may  be  prosecuted  by  states  with  com¬ 
parable  environmental  statutes.  Cases  declined  for  criminal 
prosecution  may  also  be  evaluated  for  a  federal  civil  action. 


Wildlife  and  Marine  Resources 
Section 

The  caseload  of  this  section  includes  civil  and  criminal  prosecu¬ 
tions  under  natural  resource  laws,  such  as  the  Endangered 
Species  Act,  the  Marine  Mammal  Protection  Act,  the  Lacey  Act, 
and  the  Magnuson  Fisheries  Conservation  and  Management  Act. 
Section  attorneys  also  defend  federal  agencies  in  civil  actions 
brought  against  the  government  under  environmental  statutes. 

Legal  challenges  often  come  from  both  sides  of  a  case.  For 
instance,  the  Fish  and  Wildlife  Service  (FWS)  was  sued  in  1985 
by  environmentalists  for  allowing  waterfowl  hunters  to  use  lead 
shot.  After  a  federal  court  ruled  against  the  agency,  FWS 
changed  its  regulations  to  require  the  use  of  steel  shot,  and,  in 
1987,  it  was  sued  by  a  state  fish  and  game  commission  on  behalf 
of  hunters.  The  Wildlife  and  Marine  Resources  Section  repre¬ 
sented  FWS  in  both  cases.  Other  clients  include  NOAA,  the 
Army  Corps  of  Engineers,  the  Forest  Service,  the  Bureau  of 
Reclamation,  the  Bureau  of  Land  Management,  and  the  Navy. 

Section  attorneys  prosecute  criminal  cases  and  also  advise 
U.S.  attorneys  and  their  assistants  in  the  nation’s  94  judicial  dis¬ 
tricts.  In  the  last  decade,  federal  prosecutors  have  become  more 
active  in  trying  wildlife  cases,  but  it  is  still  difficult  to  convince 
some  judges  and  juries  that  wildlife  and  rare  plant  violations  are 
environmental  crimes.  Wildlife  smuggling  fines  have  increased, 
but  they  remain  below  those  for  smuggling  drugs  or  guns. 


Environmental  Defense  Section 


When  property  owners  challenge  permit  requirements  in  wet¬ 
lands  civil  cases,  the  Environmental  Defense  Section  represents 
the  federal  government.  This  section  also  sues  violators  of  permit 
requirements.  Information  on  wetlands  violations  comes  from 


175 


1970  E\'\  IKON  MENTAL  QLIAEIEY  1990 


the  Army  Corps  of  Engineers,  EPA,  the  Fish  and  Wildlife  Ser¬ 
vice,  and  state  and  local  programs.  Most  wetlands  cases  handled 
by  the  section  involve  unpermitted  violations  and  small 
acreages.  Frequently,  violators  are  required  to  remove  illegal  fill 
and  restore  habitat. 

The  Environmental  Defense  Section  also  defends  federal 
regulatory  agencies  in  suits  filed  by  private  citizens.  The 
majority  of  such  cases  are  filed  against  EPA  for  failing  to  meet 
enforcement  deadlines.^^  The  section  also  defends  federal 
facilities  sued  by  private  citizens,  citizens  groups,  or  local  or 
state  governments  for  noncompliance  with  environmental  laws. 
Most  of  the  suits  involve  hazardous  waste  rather  than  air  or 
water  statutes. 


Other  Federal  Enforcers 

Each  agency  in  the  Executive  Branch  has  an  Office  of  Inspector 
General,  whose  staff  may  confront  environmental  violations  in 
the  course  of  other  investigations.  A  number  of  federal  agencies 
also  enforce  natural  resource  laws.  For  example,  the  Forest  Ser¬ 
vice  in  the  Department  of  Agriculture  enforces  environmental 
statutes  such  as  the  National  Forest  Management  Act  and  the 
Wilderness  Act.  The  National  Park  Service  and  the  Bureau  of 
Land  Management  in  the  Department  of  the  Interior  also  enforce 
the  Wilderness  Act,  and  the  Office  of  Surface  Mining  Reclama¬ 
tion  and  Enforcement  enforces  the  Surface  Mining  Control  and 
Reclamation  Act.  The  Department  of  State  handles  international 
enforcement  of  U.S.  environmental  laws  by  means  of  treaties 
and  diplomatic  sanctions. 


State  and  Local  Enforcement 


Despite  the  large  number  of  enforcement  actions  taken  by  the 
federal  government,  most  environmental  enforcement  is  con¬ 
ducted  by  the  states.  In  particular,  Pennsylvania,  New  York, 
New  Jersey,  Ohio,  and  California  have  been  active  in  pollution 
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control  as  long  or  longer  than  the  federal  government.  Although 
many  federal  pollution-control  laws  stipulate  states  as  primary 
enforcers,  once  their  programs  are  federally  approved,  ultimate 
enforcement  responsibility  often  is  left  with  EPA.  This  statutory 
scheme  requires  coordination  of  state  and  federal  enforcement 
programs  to  avoid  conflicts  or  duplication  of  effort. 

State  and  federal  enforcers  cooperate  through  such  groups 
as  the  National  Association  of  Attorneys  General,  which  publish¬ 
es  the  monthly  National  Environmental  Enforcement  Journal 
and  sponsors  enforcement  S3miposia  funded  by  EPA  grants. 
Among  the  organizations  representing  state  interests  at  the 
federal  level  are  the  State  and  Territorial  Air  Pollution  Program 
Administrators/Association  of  Local  Air  Pollution  Control  Offi¬ 
cials  (STAPPA/ALAPCO),  the  Association  of  State  and  Interstate 
Water  Pollution  Control  Administrators  (ASIWPCA),  and  the  As¬ 
sociation  of  State  and  Territorial  Solid  Waste  Management  Offi¬ 
cials  (ASTSWMO).  The  National  Governors  Association  and  the 
National  Association  of  District  Attorneys  are  also  active  in 
shaping  state  environmental  enforcement  policies. 

Each  year,  representatives  from  the  states  meet  with  EPA 
officials  to  negotiate  enforcement  agreements.  Together  they 
define  such  concepts  as  what  makes  a  violation  significant  and 
what  constitutes  a  timely  and  appropriate  response.  EPA  grants 
are  available  to  help  fund  state  enforcement.  States  may  request 
that  EPA  handle  certain  cases,  but  even  without  a  request  EPA 
may  take  direct  action  if  a  state  response  is  untimely  or  lacking. 

A  primary  goal  of  federal  enforcers  is  to  encourage  state  and 
local  prosecution  of  environmental  crime.  The  Department  of 
Justice  can  not  handle  all  the  cases  developed  by  federal  agen¬ 
cies,  and  ultimately  the  question  is  not  which  level  of  govern¬ 
ment  handles  a  case,  but  how  quickly  damage  to  the 
environment  can  be  stopped  and  corrected.  EPA  and  the  Nation¬ 
al  Association  of  Attorneys  General  are  developing  a  database 
with  sample  criminal  environmental  statutes  for  use  by  states 
interested  in  drafting  legislation.  Working  with  the  National  En¬ 
vironmental  Enforcement  Council  and  the  Federal  Law  Enforce¬ 
ment  Training  Center  in  Glynco,  Georgia,  they  are  encouraging 
program  development  in  states  that  still  have  little  or  no 
criminal  enforcement  capability. 
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State  Attorneys  General  and  State 
Regulatory  Agencies 

In  some  states,  attorneys  general  handle  all  environmental  en¬ 
forcement-administrative  actions  as  well  as  civil  and  criminal. 
In  other  states,  the  attorney  general  may  delegate  enforcement 
to  state  regulatory  agencies  and  assign  an  assistant  attorney 
general  to  the  agency.  In  yet  other  states,  attorneys  general  do 
not  have  criminal  enforcement  jurisdiction,  and  criminal  cases 
are  handled  by  district  attorneys  and  local  prosecutors. 

The  var3dng  enforcement  structures  in  the  different  states 
coincide  with  a  range  of  penalties  for  environmental  violations 
(Tables  5-10  and  5-11).  For  example,  in  Alabama  a  knowing 
violation  of  a  state  clean  air  law  can  result  in  a  prison  term  of 
one  year  at  hard  labor,  while  in  New  Hampshire  a  similar  of¬ 
fense  is  punishable  by  seven  years  in  jail,  no  hard  labor  specified. 
As  of  1988  states  with  no  air  pollution  statutes  at  all  numbered 
17.  EPA-approved  state  programs  are  required  to  have  state  en¬ 
vironmental  statutes  at  least  as  strict  as  federal  statutes,  and 
some  states  have  written  even  stricter  laws. 

States  carry  on  the  day-to-day  operations  of  EPA-approved 
pollution  control  programs,  including  permitting,  inspecting,  and 
enforcement  actions.  A  decline  in  state  administrative  actions 
over  the  past  five  years  has  corresponded  with  an  increase  in 
judicial  cases,  except  for  Clean  Air  Act  violations  where  civil 
cases  are  down  and  administrative  actions  up  (Table  5-5).  With 
environmental  priorities  varying  from  state  to  state,  enforce¬ 
ment  programs  range  from  the  rudimentary  to  the  highly  sophis¬ 
ticated. 

In  Pennsylvania,  a  state  with  a  long  tradition  of  environ¬ 
mental  enforcement,  the  Department  of  Environmental  Resour¬ 
ces  is  responsible  for  environmental  law  enforcement.  Violations 
are  identified  through  the  reports  of  several  hundred  inspectors 
and  through  complaints  from  the  community.  An  in-house  legal 
staff  with  75  attorneys  handles  civil  cases.  Criminal  cases  are 
referred  to  the  state  attorney  general’s  office,  where  a  Criminal 
Investigative  Task  Force  pools  the  expertise  of  investigators  and 
attorneys  from  the  two  departments. 
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Table  5-10. — Civil  Penalties  and  Criminal  Fines  Authorized  by  the  Environmental  Laws  of  the  50  States  and  the  District  of 
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Delaware  Department  of  Natural  Resources  and  S25.000/day  $25,000/day  $500-50, 000/day 

Environmental  Control  works  with  and/or  1-2  yrs  in  jail 

Delaware  Attorney  General  on 
administrative  and  judicial  enforcement. 


Table  5-10.— Civil  Penalties  and  Criminal  Fines  Authorized  by  the  Environmental  Laws  of  the  50  States  and  the  District  of 
Columbia  Governing  Hazardous  Substance  Control,  1987  (cont.). _ _ 
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Table  5-10. — Civil  Penalties  and  Criminal  Fines  Authorized  by  the  Environmental  Laws  of  the  50  States  and  the  District  of 
Columbia  Governing  Hazardous  Substance  Control,  1987  (cont.). _ 

_ PENALTIES  &  FINES _ 

STATE  AGENCIES  ADMINISTRATIVE  CIVIL  CRIMINAL 
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Table  5-10. — Civil  Penalties  and  Criminal  Fines  Authorized  by  the  Environmental  Laws  of  the  50  States  and  the  District  of 
Columbia  Governing  Hazardous  Substance  Control,  1987  (cont.). _ 

_ PENALTIES  &  FINES _ 

_ STATE _ AGENCIES _ ADMINISTRATIVE _ CIVIL _ CRIMINAL 

Texas  Texas  Water  Commission  handles  $10,000/day  $25,000/day  $50, 000-250, 000/day 
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Table  5-11. — Criminal  Fines  Authorized  lt> '  the  Environmental  Laws  of  the  50  States  Governlmgi  Water  and  Air  Pollution,  1 

STATE _ WATER  POLLUTION _ AIR  POLLUTION _ 

Alabama  Willful  or  negligent  violation:  $2,500-25,000  day  and/or  1  Knowing  violation:  1  year  of  hard  labor, 

year  in  jail.  Second  conviction:  $5,000-$50,000  and/or  2 
years  in  jail.  Knowing  false  statement:  $10,000  and/or  6 
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Table  5-11. — Criminal  Fines  Authorized  by  the  Environmental  Laws  of  the  50  States  Governing  Water  and  Air  Pollution,  1988  (cont.) 
STATE  WATER  POLLUTION  AIR  POLLUTION _ 
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Maryland  Misdemeanor  violation:  up  to  $25,000  and/or  1  year  in  jail.  None. 

False  statement:  up  to  $10,000  and/or  6  months  in  jail. 

Massachusetts  Direct  or  indirect  violation:  $2, 500-25,000/day/violation  and/  Misdemeanor:  up  to  $25,000  and/or  up  to  1  year  in  jail, 

or  1  year  in  jail.  False  statement:  $2,500-25,000/day/ 
violation  and/or  1  year  in  jail. 
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Table  5-11. — Criminal  Fines  Authorized  by  the  Environmental  Laws  of  the  50  States  Governing  Water  and  Air  Pollution,  1988  (cont.) 

STATE  WATER  POLLUTION  AIR  POLLUTION 
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South  Dakota  Misdemeanor:  $10,000  and/or  1  year  in  jail.  Knowing  false  None, 

statement:  $10,000  and/or  1  year  in  jail. 

Tennessee  Misdemeanor:  $50-25,000/day.  Felony:  $25,000  and/or  2  Misdemeanor:  $50-1, 000/day. 

years  in  jail. 
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Pennsylvania’s  mtgor  environmental  statutes — ^the  Solid 
Waste  Management  Act  and  the  Clean  Streams  Act — are  com¬ 
parable  to  federal  statutes.  EPA  handles  perhaps  50  cases  per 
year  in  the  state,  while  the  Pennsylvania  Department  of  En¬ 
vironmental  Resources  handles  some  2,000  violations.^ 

Other  states  with  well-developed  enforcement  programs  in¬ 
clude  Minnesota,  which  in  1983  enacted  an  Environmental 
Response  and  Liability  Act  establishing  a  strict  liability  stand¬ 
ard  for  hazardous  waste  cleanups  and  for  personal  iixjuries 
resulting  from  toxic  exposure.  Within  two  years,  17  consent 
decrees  had  been  signed  covering  cleanups  costing  $25  million. 
Massachusetts  and  several  other  states  have  passed  superlien 
acts  that  allow  states  to  recover  cleanup  costs  by  placing  a  lien 
on  a  site  and,  in  some  states,  on  other  property  owned  by  respon¬ 
sible  parties.  State  hazardous  waste  superliens  are  given 
priority  over  pre-existing  liens;  federal  superliens  are  not. 

New  Jersey’s  enforcement  program  began  in  the  early 
1980s,  when  members  of  the  Northeast  Hazardous  Waste  Project 
spearheaded  the  formation  of  state  criminal  enforcement  strike 
forces  to  combat  the  illegal  disposal  of  hazardous  wastes.  Or¬ 
ganized  crime  was  represented  among  the  offenders,  and  the 
situation  was  not  new. 

In  the  late  1970s  suspected  organized  crime  elements  took 
over  a  New  Jersey  incinerator  and  began  stockpiling  hazardous 
wastes.^^  Drums  of  toxic  chemicals,  explosives,  flammable/  ig- 
nitible  materials,  and  caustic  agents  were  piled  indiscriminately. 
No  treatment  or  disposal  processes  were  applied.  In  April  1980 
the  facility,  along  with  about  50,000  drums  of  hazardous  wastes, 
went  up  in  flames,  sending  clouds  of  noxious  fumes  and  particu¬ 
lates  into  the  air.  A  public  health  emergency  was  averted  when 
winds  carried  the  toxic  smoke  and  airborne  pollutants  away  from 
nearby  Staten  Island,  which  was  facing  evacuation.  The  owners 
of  the  incinerator  walked  away  with  several  million  dollars, 
while  the  United  States  spent  over  $26  million  to  clean  up  the 
site.  Superfiind  was  enacted  shortly  after  the  New  Jersey  in¬ 
cinerator  fire,  and  since  then  federal  and  state  enforcers  have 
refined  techniques  for  recovering  the  cost  of  cleanup  from  poten¬ 
tially  responsible  parties. 

Tbday  the  New  Jersey  Environmental  Cleanup  Respon¬ 
sibility  Act  requires  private  parties  to  notify  the  state  prior  to 
the  sale  of  certain  industrial  property.  Owners  must  submit  a 
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declaration  that  no  hazardous  wastes  have  been  discharged  on 
the  site,  or,  as  an  alternative,  they  may  submit  a  cleanup  plan. 
By  1987  the  law  had  produced  over  250  private  party  cleanups.*® 

In  neighboring  New  York,  legislators  amended  the  State 
Criminal  Procedure  Law  in  1983  to  permit  electronic  eavesdrop¬ 
ping  in  hazardous  waste  investigations.  The  New  York  Division 
of  Criminal  Justice  Services  cited  the  eavesdropping  amendment 
as  "the  first  official  indicator  of  the  state’s  recognition  of  or¬ 
ganized  crime  involvement  in  hazardous  waste  disposal."*® 

New  York  is  among  a  number  of  states  that  have  upgraded 
criminal  statutes  and  developed  criminal  enforcement  units  (see 
Table  5-12  for  data  on  New  York  enforcement).  Within  the  New 
York  Department  of  Law,  which  is  the  attorney  general’s  office, 
the  Environmental  Protection  Bureau  has  an  Environmental 
Crime  Unit  that  handled  27  hazardous-waste  cases  in  1988. 
Several  defendants  agreed  to  consent  orders,  and  several  cases 
were  resolved  with  conditional  discharges.  Penalties  totaled  $1.2 
million,  and  sentences  included  intermittent  imprisonment 
(weekends  in  jail  for  one  year),  jail  terms,  and  probation  with 
community  service.  In  one  illegal  dumping  case,  the  defendant 
was  required  to  remove  all  waste — construction,  non-construc¬ 
tion,  and  demolition  debris — from  the  site,  deposit  it  in  a 
licensed  sanitary  landfill,  and  pay  for  wellwater  testing. 

The  New  York  Department  of  Environmental  Conservation 
(EnCon)  has  a  Division  of  Law  Enforcement  with  a  Bureau  of 
Environmental  Conservation  Investigations.  In  1988  the 
Bureau,  which  is  composed  of  uniformed  police  officers,  closed  93 
hazardous  waste  cases.  Monies  collected  from  criminal  fines, 
civil  penalties,  and  administrative  consent  orders  totaled  $1.1 
million.  The  majority  of  violators  were  corporations. 

The  New  York  Division  of  Criminal  Justice  Services  also 
tracks  individuals  convicted  of  hazardous  waste  crimes.  Between 
1986  and  1988,  the  number  of  individuals  convicted  for  the  most 
serious  violations  was  56.*’ 

Other  states  are  just  beginning  to  develop  enforcement 
programs.  For  example,  the  attorney  general  of  Kentucky  recent¬ 
ly  announced  formation  of  an  Environmental  Crime  Workgroup 
to  identify,  investigate,  and  prosecute  environmental  violations. 
In  addition  to  the  State  Attorney  General’s  Office,  other 
workgroup  members  are  the  State  Natural  Resources  and  En- 
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Table  5-12. — Judicial  Enforcement  Actions  Taken  against  Hazardous  Waste  and  Waste  Disposai  Violations  by  State  and 

County  Agencies  in  New  York,  1988. _ 

_ CONVICTIONS _  _ SENTENCING _ 

Agency  CASES  INDIVIDUALS  CORPORATIONS  JAIL  PROBATION  CONSENT  ORDERS  PENALTIES 


— Motor  Carrier  Safety  Assistance 

Program  Unit _ 649* _ 

'Violations  of  state  hazardous  waste  transport  laws  by  vehicles  stopped,  inspected,  and  ticketed  on  New  York  highways. 

Source:  New  York  Division  of  Criminal  Justice  Sen/ices,  1988  Crime  and  Justice  Annual  Report.  New  York  State,  Albany  (1989),  pages  217-231. 


ENVIRONMENTAL  ENFORCEMENT 


vironmental  Protection  Cabinet,  the  Kentucky  State  Police,  the 
U.S.  Attorney’s  Office,  EPA,  and  the  FBI.  As  part  of  the  effort, 
the  State  Attorney  General  will  ask  the  legislature  for  funding  to 
establish  an  Environmental  Prosecutions  Unit.** 


District  Attorneys  and  Local  Prosecutors 

Local  prosecutors  have  tended  to  leave  enforcement  of  environ¬ 
mental  laws  up  to  state  and  federal  enforcers.  However,  this 
situation  is  changing  as  local  and  state  police  and  firefighters 
receive  training  in  environmental  crime  investigation.  As  local 
investigators  gain  experience  in  gathering  environmental  evi¬ 
dence,  local  prosecutors  have  begun  to  accept  environmental 
cases  that  they  can  take  to  trial.** 

Among  the  states  with  active  local  enforcement  programs, 
California  involves  multiple  local  and  state  agencies  in  develop¬ 
ing  and  prosecuting  individual  cases.  For  example,  in  a  case 
prosecuted  by  the  Los  Angeles  District  Attorney,  the  defendants 
were  charged  with  27  misdemeanor  counts,  each  for  a  different 
week  of  knowingly  storing  hazardous  wastes  without  a  permit; 
27  misdemeanor  counts  for  illegal  disposing  of  wastes;  19  mis¬ 
demeanor  counts  for  transporting  wastes  to  an  unpermitted 
facility;  7  misdemeanor  counts  for  willfully  discharging  wastes; 
and  7  misdemeanor  counts  for  discharging  and  depositing  was¬ 
tes.  The  defendants  pled  no  contest  and  were  sentenced  to  serve 
15-30  days  of  intermittent  imprisonment  and  pay  fines  of 
$150,000  plus  $150,000  in  investigative  and  prosecutorial  costs. 
The  costs  had  been  incurred  by  six  different  agencies.*® 

In  New  York,  local  prosecutors  also  are  handling  hazardous 
waste  violations.  The  King’s  County  District  Attorne/s  Office 
created  an  Environmental  Crimes  Bureau  in  1986,  and  in  1988 
the  Bureau  obtained  14  hazardous  waste  convictions.  Sentences 
for  the  defendants-five  individuals  and  nine  corporations-con- 
sisted  of  two  4-year  jail  terms,  610  hours  of  community  service, 
and  $282,718  in  fines  and  forfeitures.  In  Suffolk  County,  New 
York,  an  Environmental  Crimes  Unit  was  established  in  1984  in 
the  District  Attorney’s  Office.  In  1988  the  imit  investigated  24 
cases  and  obtained  12  convictions.  Charges  included  felonies. 
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misdemeanors,  and  violations  of  the  Suffolk  County  Environ¬ 
mental  Code.  Two  individuals  and  10  corporations  paid  fines  of 
$91,800.  All  convicted  parties  were  required  to  clean  up  dis¬ 
charged  pollutants. 


Enforcement 
Tools  Today 

Over  the  past  decade,  amendments  to  state  and  federal  environ¬ 
mental  laws  have  given  enforcers  more  and  better  tools.  Recent 
additions  included  full  arrest  and  firearm  powers  for  EPA’s 
criminal  investigators  and  uniform  sentencing  guidelines. 


Compliance  Monitoring 

Periodic  checks  to  determine  if  facilities  are  in  compliance  with 
regulations  serve  as  a  deterrent  to  violations  of  environmental 
law.  The  primary  method  for  collecting  compliance  data  is  the 
facility  inspection,  during  which  local,  state,  or  federal  inspec¬ 
tors  review  records,  take  samples,  and  observe  operations.  If 
federal  criminal  violations  are  suspected,  criminal  investigators 
from  such  agencies  as  EPA  and  the  FBI  are  called  in.  If  the  inter¬ 
state  transport  of  hazardous  waste  is  involved,  DOT  inves¬ 
tigators  may  participate.  In  some  cases,  a  search  warrant  is 
needed  to  gain  access. 

From  inspections  and  from  the  reports  required  of  permitted 
facilities,  regulatory  agencies  can  determine  if  an  operation  is  in 
compliance  with  environmental  regulations.  Facilities  in  non- 
compliance  face  an  administrative,  civil,  or  criminal  enforcement 
action. 
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Environmental  enforcement  depends  on  the  work  of  environmen¬ 
tal  investigators  located  in  a  number  of  federal,  state,  and  local 
agencies. 


EPA/National  Enforcement  Investigations 
Center  (NEIC) 

In  1989  the  EPA  had  49  criminal  investigators  trained  in  the 
high-risk  job  of  identifying  violations  and  collecting  evidence  for 
prosecutions.  EPA  criminal  investigators  were  granted  perma¬ 
nent  law  enforcement  powers  to  arrest  and  carry  weapons  by  the 
1988  Medical  Waste  Tracking  Act.  A  rider  to  the  act  granted 
them  full  enforcement  powers  while  investigating  crimes  under 
all  environmental  laws.®^  Previously,  they  had  been  sworn  in  an¬ 
nually  as  special  deputy  U.S.  marshalls. 

EPA  investigators  are  headquartered  at  the  agenc/s  Nation¬ 
al  Enforcement  Investigations  Center  (NEIC)  in  Denver,  Colo¬ 
rado,  and  are  located  in  10  cities  around  the  country.  NEIC,  the 
technical  arm  of  the  EPA  Office  of  Enforcement  and  Compliance 
Monitoring,  was  first  established  in  1970,  pre-EPA,  to  train 
water  pollution  enforcement  staff.  Today  laboratory  scientists, 
investigators,  and  engineers  work  at  the  center  collecting  and 
analyzing  evidence  for  EPA  cases. 

NEIC  has  trained  and  sent  physical  science,  engineering, 
and  laser  technicians  to  gather  evidence  at  some  of  the  m^or 
pollution  incidents  in  recent  years.  NEIC  investigators  mea¬ 
sured  dioxin  levels  at  Times  Beach,  Missouri,  and  collected 
samples  of  carcinogenic  compounds  at  Love  Canal  in  Niagara 
Falls,  New  York.  Technicians,  described  by  news  reporters  as 
"sludgebusters"  and  "enviro-cops,"^^  often  are  outfitted  with  oxy¬ 
gen  masks,  moonsuits,  and  sophisticated  pollution-detection 
devices.  NEIC  has  developed  a  mobile  leiser  gun  called  Lidar 
(Light  Detection  And  Ranging)  that  combines  laser  and  radar 
technology  to  monitor  smokestacks  suspected  of  illegal  emis- 
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sions.  In  addition  to  the  center  in  Denver,  24  other  EPA  research 
facilities  in  16  states  assist  with  investigations  and  evidence. 

NEIC  coordinates  four  regional  environmental  enforcement 
organizations:  the  Northeast  Hazardous  Waste  Project  in  Tren¬ 
ton,  New  Jersey;  the  Midwest  Environmental  Enforcement  As¬ 
sociation  in  Elgin,  Illinois;  the  Southern  Environmental  Enforce¬ 
ment  Network  in  Montgomery,  Alabama;  and  the  Western  States 
Hazardous  Waste  Project  in  Phoenix,  Arizona.  The  Midwest 
group  has  its  office  in  the  headquarters  of  the  Illinois  state 
police,  while  the  other  three  are  located  in  offices  of  the  state  at¬ 
torneys  general.  The  groups  meet  regularly  and,  by  means  of  a 
computerized  information  exchange,  share  data  on  environmen¬ 
tal  violations  in  different  states.  NEIC  assists  the  groups  in  con¬ 
ducting  environmental  training  programs  for  state  and  local 
investigators  and  prosecutors. 


DOJ/Federal  Bureau  of  Investigation  (FBI) 

In  1982  the  FBI  and  EPA  signed  a  Memorandum  of  Under¬ 
standing  enabling  the  agencies  to  conduct  joint  investigations. 
That  agreement  marked  a  milestone  in  the  evolving  concept  of 
environmental  crime.  The  FBI  now  ranks  environmental  crimes 
as  priority  investigations,  and  conducts  joint  FBI/EPA  investiga¬ 
tions  as  well  £is  independent  initiatives.  EPA  investigators  con¬ 
tribute  the  technical  expertise  to  gather  evidence  of  environ¬ 
mental  crimes,  while  the  FBI  lends  the  traditional  law-enforce¬ 
ment  skills  of  10,000  agents  and  a  renowned  forensics  laboratory. 
Between  1986  and  1989  over  1,000  federal,  state,  and  local  enfor¬ 
cement  officers  attended  FBI  training  courses  on  how  to  inves¬ 
tigate  environmental  crimes. 

In  1989  the  FBI  investigated  245  environmental  crimes, 
devoting  28  agent-years  to  the  cases.  Toxic  waste  violations  ac¬ 
counted  for  the  mjyority  of  cases.  Special  Agents  investigated 
violations  ranging  from  illegal  storage,  transport,  and  disposal 
by  corporations  and  federal  facilities  to  the  corruption  of  public 
officials  and  infiltration  of  the  disposal  industry  by  organized 

•  33 

crime. 

The  investigation  of  federal  facilities  is  a  recent  develop¬ 
ment.  In  the  past,  national  security  concerns  limited  the  access 
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of  investigators  concerned  about  possible  environmental  viola¬ 
tions  at  some  DOD  and  DOE  installations.  Today  the  situation  is 
changing.  In  June  1989  a  team  of  FBI,  EPA,  and  state  environ¬ 
mental  investigators  executed  a  search  warrant  at  the  gates  of 
the  Rocky  Flats  Plant,  outside  Denver.  The  plant  is  a  DOE  in¬ 
stallation  that  manufactures  nuclear  components,  non-nuclear 
assemblies,  and  hardware  for  nuclear  weapons.  Numerous  viola¬ 
tions  of  environmental  laws  were  suspected.  During  an  earlier 
inspection,  volatile  organic  vapors  at  a  groundwater  monitoring 
well  caused  the  inspectors  to  wear  protective  suits  and  respir¬ 
ators. 

Another  recent  development  is  the  investigation  of  environ¬ 
mental  crimes  under  both  environmental  laws  and  the  Rack¬ 
eteering  Influenced  Corrupt  Organization  Act  (RICO),  first 
passed  in  1970.  For  example,  cooperative  investigations  by  the 
FBI,  EPA,  and  the  DOJ  Organized  Crime  Strike  Force  led  in 
1989  to  the  prosecution  of  two  individuals  in  Connecticut  for 
RICO,  RCRA,  and  CERCLA  violations  for  the  illegal  disposal  of 
mercury.^ 

FBI  agents  increasingly  uncover  elaborate  methods  of  con¬ 
cealing  criminal  disposal  of  wastes.  In  response,  they  now 
employ  a  number  of  sophisticated  investigative  techniques,  such 
as: 


•  Closed  circuit  television  surveillance, 

•  Aerial  surveillance, 

•  Infrared  photography, 

•  Undercover  operations, 

•  Informants, 

•  TDxicological  examinations, 

•  Consensual  monitoring, 

•  Records  review  by  accounting  technicians, 

•  Microcomputers  for  case  management,  and 

•  Search  warrants  and  the  use  of  heavy  construction 
equipment  for  gathering  evidence. 
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DOI/National  Fish  and  Wildlife  Forensics 
Laboratory 

In  1989  the  U.S.  government  dedicated  a  new  $3.5  million  Na¬ 
tional  Fish  and  Wildlife  Forensics  Laboratory  in  Ashland,  Ore¬ 
gon.  The  first  of  its  kind  in  the  nation,  the  laboratory  can  identify 
species  of  wildlife  parts  and  products  seized  as  evidence.  Like  a 
police  lab,  it  can  match  suspect,  victim,  and  crime  scene  through 
the  examination  of  physical  evidence.  Forensics  experts  use 
scanning  electron  microscopes  to  identify  a  species  from  hair,  fur, 
leather,  hides,  feathers,  tusks,  claws,  and  teeth. 

Species  identity  is  crucial  in  enforcement  cases.  Although 
two  species  may  be  similar,  the  importation  of  one  may  be  legal, 
while  the  other  is  prohibited.  A  serology  section  in  the  forensics 
laboratory  uses  advanced  techniques  to  identify  species  from 
blood  and  tissue  samples.  A  criminalistics  section  performs  in¬ 
strument  analysis  on  such  specimens  as  carved  ivory,  powdered 
rhino  horn,  sea  turtle  oil,  shell  products,  and  wildlife  poisons. 
The  FWS  forensics  laboratory  offers  technical  assistance  to 
federal,  state,  and  municipal  enforcement  agencies.  After  inves¬ 
tigators  obtain  the  evidence  needed  to  crack  wildlife  crime  rings, 
sometimes  at  great  risk,  the  forensics  laboratory  makes  sure  the 
evidence  can  be  used  in  court.^ 


DOC/NOAA  National  Marine  Fisheries 
Service,  On-Site  Observers 

At  sea  where  compliance  with  environmental  laws  is  difficult  to 
check,  the  Department  of  Commerce  (DOC)  uses  on-site  ob¬ 
servers  who  work  under  contract  with  the  National  Marine 
Fisheries  Service.  They  accompany  fishing  vessels  and  collect  in¬ 
formation  needed  to  judge  whether  the  vessels  are  in  compliance 
with  agreements  and  regulations.  Since  1983  the  Magnuson  Act 
has  required  that  all  foreign  vessels  fishing  off  the  U.S.  coast 
have  a  fisheries  observer  on  board.  Today  many  domestic  vessels 
must  also  carry  an  observer.  Under  the  Marine  Mammal  Protec¬ 
tion  Act,  observers  are  required  on  U.S.  tuna  purse-seine  vessels 
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and  on  other  U.S.  vessels  whose  operations  in  fisheries  result  in 
the  death  of  marine  mammals.  The  courts  have  balanced  the  in> 
trusiveness  of  observers  against  the  pervasively  regulated  aspect 
of  the  industry,  and  found  them  to  be  acceptable. 


State  and  Local  Investigators 

A  number  of  states  have  special  rmits  that  carry  out  environmen¬ 
tal  investigations.  For  example,  the  New  York  Department  of  En¬ 
vironmental  Conservation  has  a  Division  of  Environmental 
Enforcement  with  a  staff  of  attorneys,  engineers,  geologists,  and 
chemists  who  provide  legal  and  technical  support  for  federal, 
state,  and  county  enforcers.  They  evaluate  investigations  for 
legal  sufficiency,  conduct  legal  research,  draft  search  warrants, 
sample  and  analyze  evidence,  and  assist  investigators  in 
developing  cases  for  referral.  On  occasion,  division  attorneys 
have  been  deputized  to  handle  prosecutions. 

In  states  that  do  not  have  special  environmental  enforce¬ 
ment  units,  state/federal  cooperative  efforts  are  underway  to 
train  city  police,  county  sheriffs,  and  state  troopers  in  how  to  in¬ 
vestigate  an  environmental  crime.  Local  law  enforcement  of¬ 
ficers  are  likely  to  encounter  illegal  dumpers  or  notice  discharge 
pipes  feeding  waste  into  a  stream.  They  often  are  the  first  to  see 
or  hear  about  drums  of  chemicals  abandoned  in  warehouses  or 
fields,  and  they  confront  environmental  crimes  in  the  course  of 
investigating  other  crimes.  For  example,  when  exercising  search 
warrants  on  illegal  methamphetamine  laboratories,  police  have 
found  containers  of  hazardous  chemicals  that  threaten  the  safety 
of  the  investigators  and  the  neighborhood.  Often  the  buildings 
and  grounds  around  illegal  laboratories  are  contaminated  and 
require  cleanup.^® 

Consequently,  training  programs  for  state  and  local  police 
have  been  expanded  to  include  environmental  enforcement,  and 
officers  also  attend  federal  training  programs.  In  addition  to  FBI 
environmental  training  programs,  four  tuition-free  EPA  training 
programs  in  hazardous  waste  investigations  are  held  each  year 
at  the  Federal  Law  Enforcement  Training  Center  in  Georgia. 

Some  states  already  have  "enviro-cops"  on  duty.  For  in¬ 
stance,  in  New  York  two  units  of  the  state  police  handle  hazard- 


1970  E\VII<0\’MENTAL  QUALITY  1990 


ous  materials  transport  violations.  A  Hazardous  Materials  Unit 
has  16  uniformed  state  troopers  authorized  to  stop  and  inspect 
any  vehicle  suspected  of  carrying  hazardous  materials.  In  1988 
officers  inspected  over  3,000  vehicles  carrying  hazardous 
materials  on  New  York  highways.  They  found  25  percent  with 
safety  violations  serious  enough  to  remove  them  from  service. 

The  New  York  State  Police  Motor  Carrier  Safety  Assistance 
Program  Unit,  also  composed  of  16  uniformed  state  troopers, 
works  with  the  State  Department  of  Transportation  to  monitor 
hazardous  materials  transport.  In  1988  officers  inspected  over 
5,000  trucks  and  issued  649  tickets  for  hazardous  materials 
violations.®^ 


Administrative  Actions 


Environmental  enforcers  rely  primarily  on  administrative  ac¬ 
tions  to  correct  the  msgority  of  violations.  Administrative  actions 
generally  are  quicker,  less  expensive,  and  less  resource-intensive 
than  judicial  actions.  Federal  agencies  have  administrative 
authority,  but  only  half  of  the  state  environmental  agencies  are 
authorized  to  impose  administrative  penalties.  The  others  must 
refer  every  noncompliance  case  to  a  state  attorney  general  or  dis¬ 
trict  attorney  for  judicial  action. 


Informal  Actions 

Administrative  enforcement  often  begins  with  an  informal  ac¬ 
tion,  which  can  include  any  type  of  communication  from  an  agen¬ 
cy  notifying  a  facility  of  a  problem.  A  letter  or  telephone  call  can 
be  appropriate  where  the  violation  is  minor,  such  as  with  a 
record-maintenance  problem.  If  the  facility  does  not  take  correc¬ 
tive  action  within  a  set  time  period,  a  warning  letter  may  follow, 
setting  out  specific  actions  to  be  taken  and  explaining  the  enfor¬ 
cement  actions  that  will  be  taken  if  the  facility  does  not  comply. 
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Orders 

For  more  severe  violations  or  when  a  facility  does  not  respond  to 
an  informal  action,  some  regulatory  agencies  are  authorized  to 
issue  administrative  orders  that  may  require  compliance  or  cor¬ 
rective  action. 

■  Compliance  orders.  Authorized  agencies  may  issue 
an  order  requiring  a  facility  to  take  steps  to  come  into 
compliance.  A  compliance  order  may  require  immediate 
action  or  set  a  timetable  to  be  followed  in  moving 
toward  compliance.  The  order  can  contain  a  penalty  for 
each  day  of  noncompliance  and  can  suspend  or  revoke  a 
facility’s  permit.  Loss  of  permit  can  force  the  closing  of  a 
facility. 

An  order  to  stop  illegal  discharges  or  close  down  is 
the  strongest  administrative  action  possible.  For  ex¬ 
ample,  the  State  of  Virginia  recently  traced  PCBs  in 
local  waters  to  a  rayon  fiber  plant  in  Front  Royal.  When 
faced  with  the  choice  of  stopping  the  illegal  discharge  or 
closing  down,  the  plant  closed  its  doors.  Facilities  can 
request  a  hearing  to  review  an  order.  If  no  request  for  a 
hearing  is  made,  most  orders  become  final  30  days  after 
issuance. 

■  Corrective  action  orders.  Regulatory  agencies 
with  administrative  authority  can  issue  an  order  re¬ 
quiring  corrective  action  at  a  facility  when  wastes  have 
been  released  illegally  into  the  environment.  Such  or¬ 
ders  can  suspend  permits  and  impose  penalties  for  each 
day  of  noncompliance. 


Hearings 

A  facility  receiving  an  administrative  order  from  a  federal  agen- 
qy  can  request  a  hearing  to  review  the  factual  provisions  of  the 
order  before  an  administrative  law  judge.  Hired  by  the  federal 
government’s  Office  of  Personnel  Management,  administrative 
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law  judges  serve  in  an  independent  capacity.  After  hearing  a 
case,  the  judge  submits  recommendations  to  the  agency  director, 
who  makes  a  determination.  A  facility  can  appeal  a  director’s 
determination  in  federal  court. 


Arbitration 

Environmental  enforcers  are  using  arbitration  more  and  more 
frequently  to  settle  certain  types  of  cases.  Alternative  dispute 
resolution  techniques  offer  a  relatively  quick  and  inexpensive  op¬ 
tion  to  traditional  litigation  and  negotiation.  For  example,  EPA 
has  used  arbitration  to  settle  Superfund  claims  for  recovery  of 
response  costs  in  toxic  waste  cleanups  that  do  not  exceed 
$500,000.  In  this  voluntary  procedure,  EPA  and  one  or  more 
potentially  responsible  parties  submitted  the  issues  in  a  recovery 
claim  for  resolution  to  neutral  third  parties  who  act  as  ar¬ 
bitrators.®®  One  of  the  strengths  of  arbitration  is  that  arbitrators 
are  usually  well-trained  or  experienced  in  environmental 
science,  in  contrast  to  judges  and  juries  who  can  be  unfamiliar 
with  the  technical  aspects  of  environmental  cases. 


Environmental  Auditing 

Environmental  audits  conducted  by  private  auditors  have  be¬ 
come  a  popular  enforcement  mechanism.  A  new  industry  has 
grown  up  around  these  audits,  which  work  something  like 
private  inspections.  Since  the  mid-1980s,  industries  and  federal 
facilities  have  been  ordering  audits  to  review  industrial  opera¬ 
tions.  Environmental  audits,  made  by  an  independent  unit 
within  a  facility  or  by  outside  professionals,  can  be  of  three 
types: 

■  Compliance  audits.  This  type  of  audit  reviews  per¬ 
mits  and  management  systems  to  evaluate  status,  but 
does  not  perform  extensive  sampling. 
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■  Transactional  audits.  When  a  facility  is  changing 
hands,  a  transactional  audit  may  be  conducted  to  deter¬ 
mine  hidden  liabilities. 

■  Pollution  prevention  and  waste  reduction 
audits.  These  environmental  audits  evaluate  the  tech¬ 
nical  structure  of  a  plant  and  recommend  operational 
changes  that  reduce  waste. 

Most  audits  are  conducted  on  a  voluntary  basis,  but  the 
government  can  require  a  facility  in  violation  of  a  law  to  have  an 
environmental  audit  made  as  a  provision  for  settlement.  For  ex¬ 
ample,  in  a  1989  consent-decree  settlement  with  a  Pennsylvania 
oil  company  guilty  of  a  benzene  discharge  violation,  a  federal 
court  imposed  a  $95,000  penalty  and  required  an  environmental 
audit. 

Environmental  audits  help  make  environmental  laws  self- 
enforcing.  EPAhas  1,600  inspectors  nationwide  who  conduct  pe¬ 
riodic  inspections  of  public  and  private  facilities.  The  50  states 
have  perhaps  16,000  inspectors.  Private  environmental  auditors 
now  number  around  160,000.  Although  auditors  can  not  take  the 
place  of  government  inspectors,  they  can  help  facilities  identify 
internal  sources  of  pollution  and  actions  to  control  them.^* 


Sanctions 

State  and  federal  environmental  laws  provide  for  a  range  of 
sanctions  against  facilities  in  violation  of  environmental  regula¬ 
tions.  Because  state  laws  can  differ  widely,  similar  offenses  may 
be  handled  in  very  different  ways  in  neighboring  states.  Ad¬ 
ministrative  enforcement  may  include  the  following  sanctions: 

■  Contractor  listing.  The  Clean  Air  Act  and  Clean 
Water  Act  authorize  regulatory  agencies  to  bar  the 
federal  government  from  awarding  contracts,  grants,  or 
loans  to  facilities  with  a  pattern  of  noncompliance.  In 
1989  EPA  listed  10  facilities  and  barred  them  from 
receiving  government  contracts;  one  facility  was 
delisted  when  it  returned  to  compliance.  Under  discre- 
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tionary  listing,  EPA  officials,  a  state  governor,  or  a 
member  of  the  public  can  recommend  listing.  In  1989 
one  facility  was  listed  in  this  way,  six  actions  were  in¬ 
itiated,  and  two  were  withdrawn  when  compliance 
agreements  were  reached.  The  public  notoriety  of  being 
on  the  EPA  List  of  \^olating  Facilities  provides  an 
added  incentive  for  facilities  to  correct  violations. 

■  Administrative  penalties.  During  the  past  decade, 
state  and  federal  legislators  have  increased  penalties 
allowable  under  environmental  laws.  Administrative 
penalties  are  generally  smaller  than  civil  penalties  (see 
Table  5-13),  which  encourages  violators  to  settle  early 
in  the  process.  In  one  EPA  case,  the  agency  attempted  to 
settle  with  a  violator  for  a  $200  fine.  No  settlement  was 
reached,  and  the  case  went  to  the  Department  of  Justice 
for  trial.  A  federal  district  court  awarded  the  statutory 
penalty  of  $10,000.  The  incentive  for  violators  to  reach 
early  settlements  explains,  in  part,  the  small  percent¬ 
age  of  federal  environmental  violations  referred  to  the 
Department  of  Justice. 


Table  5-13. — Penalty  Assessments  in  Civil  Cases  Referred  to  the 
Department  of  Justice  by  the  Environmental  Protection  Agency  and  in 
Cases  Handled  Administratively  by  EPA,  Fiscal  Years  1974-89. _ 


YEAR 

CIVIL  JUDICIAL 

ADMINISTRATIVE 

FY  TOTAL 

. $  . 

FY74 

5,000 

0 

5,000 

FY75 

75,250 

0 

75,250 

FY76 

314,500 

0 

314,500 

FY77 

4,423,960 

0 

4,423,960 

FY78 

1,313,873 

25,000 

1,338,873 

FY79 

4,028,469 

56,800 

4,085,269 

FY80 

10,570,040 

159,110 

10,729,150 

FY81 

5,634,325 

742,910 

6,377,235 

FY82 

3,445,950 

949,430 

4,395,380 

FY83 

5,461 ,583 

2,419,898 

7,881,481 

FY84 

3,497,579 

3,385,344 

6,882,923 

FY85 

13,071,530 

9,707,480 

22,779,010 

FY86 

13,178,414 

7,449,993 

20,628,407 

FY87 

17,507,499 

6,818,374 

24,325,873 

FY88 

24,976,221 

11,786,300 

36,762,521 

FY89 

20,700,000 

12,900,000 

33,600,000 

Total 

128,204,193 

56,400,639 

184,604,832 

Source:  U.S.  Environmental  Protection  Agency,  Office  of  Enforcement  and  Compliance  Monitoring, 
Washington,  DC,  Information  Sheet  (1990). 
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■  Alternative  payments.  In  addition  to  a  cash  penal¬ 
ty,  violators  of  environmental  laws  may  be  required  to 
make  innovative  reparations.  For  example,  a  California 
corporation  agreed  to  place  an  ad  in  The  Los  Angeles 
Times  in  February  1985,  stressing  the  importance  of 
complying  with  environmental  regulations.  The  full- 
page  ad  read,  "The  illegal  disposal  of  toxic  wastes  will 
result  in  jail.  We  should  know.  We  got  cau^t!  Today, 
while  you  read  this  ad  our  President  and  '^ce  President 
are  serving  time  in  JAIL  and  we  were  forced  to  place 
this  ad."  In  1988  a  Suffolk  County  Court  in  New  York 
required  the  defendant  in  a  felony  hazardous  waste  case 
to  place  a  full-page  newspaper  ad  announcing  the  fine 
and  jail  term  for  reckless  endangerment  and  warning  of 
the  consequences  of  polluting  the  environment.  In  other 
settlements  across  the  country,  violators  have  agreed  to 
place  ads,  sponsor  compliance  training  sessions  at  trade 
conventions,  and  fund  grants  for  environmental  re¬ 
search. 


Judicial  Actions 


Violations  of  federal  environmental  statutes  that  require  court 
action  are  referred  to  the  Department  of  Justice.  Violations  of 
state  and  local  laws  are  referred  to  appropriate  legal  agencies. 

! 

Civil  Judicial  Actions 

I  For  years,  the  number  of  civil  referrals  was  the  primary  enforce¬ 

ment  indicator  for  environmental  agencies.  With  the  increase  in 
administrative  and  criminal  sanctions,  civil  casework  has  be¬ 
come  only  one  of  several  measures  of  performance.  In  1989  the 
EPA  had  900  active  civil  cases,  and  the  average  time  needed  to 
move  from  initiation  to  resolution  was  approximately  two  years, 
down  by  half  since  1970. 
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■  Consent  Decrees.  Despite  the  number  of  referrals, 
relatively  few  environmental  cases  go  to  trial.  Most  end 
in  a  court-approved  consent  decree,  in  which  a  violator 
promises  to  correct  a  violation  within  a  set  timeframe 
and  may  pay  a  penalty  for  past  violations.  EPA  current¬ 
ly  is  monitoring  600  consent  decrees,  involving  facilities 
throughout  the  country. 

■  Civil  Penalties.  State  and  federal  courts  have  the 
authority  to  assess  penalties  for  environmental  viola¬ 
tions.  In  the  field  of  pollution  control,  EPA  is  charged 
with  oversight  of  state  civil  penalty  assessments.  In  the 
early  1980s,  because  penalties  varied  by  state,  violators 
in  some  areas  did  not  take  them  seriously.  In  1984  EPA 
adopted  a  Uniform  Penalty  Policy  to  help  rectify  the 
problem.  In  subsequent  years,  the  dollar  amount  and 
the  percentage  of  cases  with  civil  penalties  has  in¬ 
creased. 


Criminal  Actions 

The  most  publicized  trend  in  criminal  enforcement  actions  is  the 
use  of  incarceration  as  a  sanction.  Debarment  of  government 
contractors  charged  with  criminal  violations  of  environmental 
laws  is  another,  as  is  the  cooperation  of  the  public  in  reporting 
environmental  crimes. 

■  Tougher  Sentencing.  Incarceration  for  criminal 
violations  is  an  enforcement  trend  that  has  been 
strenghtened  by  the  sentencing  guidelines  of  the  U.S. 
Sentencing  Commission.  Since  the  guidelines  took  effect 
in  1987,  more  environmental  crimes  are  now  going  to 
trial,  rather  than  being  resolved  in  negotiated  plea 
agreements,  as  in  the  past.  The  reduced  use  of  proba¬ 
tion  and  community  service  has  resulted  in  an  in¬ 
creased  number  of  jail  terms. 

■  Contractor  Suspension  and  Debarment.  In  addi¬ 
tion  to  contractor  listing  for  civil  violations,  federal 
agencies  may  suspend  or  debar  from  participation  in 
government-wide  contracting  those  companies  indicted 
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for  a  criminal  violation  of  an  environmental  law.  Con¬ 
tractors  can  gain  unfair  economic  advantage  over  law- 
abiding  competitors  through  intentional  noncompliance 
with  environmental  regulations.  Because  a  suspension 
can  be  initiated  when  criminal  charges  are  filed,  federal 
agencies  can  prevent  violators  from  further  endanger¬ 
ing  the  public  health  or  the  environment  while  their 
cases  go  to  trial. 

■  Citizen  Rewards.  Federal  and  state  enforcement 
agencies  sponsor  reward  programs  to  motivate  citizens 
to  offer  evidence  in  cases  of  environmental  violations. 
For  example,  in  1984  the  State  of  New  York  set  up  a 
reward  program  for  information  leading  to  the  detec¬ 
tion,  arrest,  and  conviction  of  persons  violating  hazard¬ 
ous  waste  laws.  EPA  administers  a  Superfund  Citizen 
Award  Provision  that  pays  up  to  $10,000  to  anyone  who 
provides  information  leading  to  a  successful  criminal 
prosecution.  The  Refuse  Act,  the  Endangered  Species 
Act,  and  the  Shore  Protection  Act  have  bounty  provi¬ 
sions,  and  many  states  administer  Tum-in-a-Poacher 
reward  programs.  The  Lacey  Act  authorizes  the  deposit 
of  fines,  assessments,  and  forfeitures  in  a  Reward  Ac¬ 
count  for  those  who  provide  information  leading  to  a 
conviction. 

The  Fish  and  Wildlife  Service  initiated  a  reward  ac¬ 
tion  in  1985  involving  an  11-year-old  boy  who  assisted 
in  the  arrest  of  violators  of  the  Endangered  Species  Act. 
The  boy  was  night  fishing  with  his  father  on  a  North 
Carolina  beach,  when  he  observed  a  300-pound  sea 
turtle  coming  ashore  to  lay  her  eggs.  He  was  watching 
when  three  men  approached  and  butchered  the  turtle, 
which  is  a  protected  species  under  the  Endangered 
Species  Act.  Jotting  down  their  license  number,  he 
called  the  local  police,  which  led  to  the  involvement  of 
the  state  police,  the  state  Department  of  Natural 
Resources,  the  Fish  and  Wildlife  Service,  and  the  U.S. 
Attorney’s  Office.  The  men  were  apprehended  in  a 
cooperative  action  by  private,  local,  state,  and  federal 
enforcers,  and  the  boy  was  awarded  $2,000  for  his  col¬ 
lege  fund. 
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Private 

Enforcement 

Today 

Responsibilities  for  environmental  enforcement  are  divided  be¬ 
tween  the  public  and  private  sectors.  Private  citizens  have 
several  legal  options  available  to  them  for  filing  suit  to  force  com¬ 
pliance  with  environmental  laws. 


NEPA  Suits 

Although  the  National  Environmental  Policy  Act  has  no  citizen- 
suit  provision,  it  may  have  inspired  more  litigation  than  any 
other  environmental  law.*°  Since  1974  over  1,700  NEPA  suits 
have  been  filed  against  federal  regulatory  agencies  by  citizens, 
businesses,  local  governments,  and  states.  The  suits  claimed 
that  a  federal  project  either  had  no  environmental  impact  state¬ 
ment  or  that  the  EIS  was  inadequate.  Over  122  NEPA  iiyunc- 
tions  were  obtained. 

In  the  1970s  the  suits  focused  on  basics,  such  as  the  timing 
and  scope  of  environmental  impact  statements.  In  the  1980s  the 
suits  began  to  challenge  fine  points  of  NEPA  regulations,  such  as 
worst-case  analysis  and  cumulative  effects  requirements,  which 
were  ultimately  changed  in  response  to  the  suits. 
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Toxic  Torts 


Law  suits  also  are  being  filed  to  recover  personal  damages 
resulting  from  violations  of  environmental  laws.  Personal  injury 
cases  based  on  such  violations  are  regulated  by  state  and  federal 
law.  In  a  toxic  tort,  the  plaintiff  must  establish  actual  harm  and 
a  causal  link  between  the  harm  and  the  defendant’s  action. 
Thousands  of  tort  lawsuits  have  been  filed  against  the  major  as¬ 
bestos  manufacturers  and  against  producers  of  other  toxic 
materials.^^  Superfund  cases  in  which  responsible  parties  admit 
liability  as  part  of  a  settlement  have  begun  to  spawn  related 
toxic  torts. 


Citizen  Suits 


Beginning  with  the  Clean  Air  Act  amendments  of  1970,  private 
citizens  are  now  authorized  under  seven  environmental  laws  to 
sue  environmental  violators  directly  or  to  sue  a  regulatory  agen¬ 
cy  for  failure  to  perform  its  legal  responsibilities.  The  Federal  In¬ 
secticide,  Fungicide,  and  Rodenticide  Act  is  one  of  the  few 
environmental  laws  that  does  not  include  a  citizen-suit  provi¬ 
sion. 

Although  remedies  are  fewer  in  citizen  suits  than  in  toxic 
torts,  evidentiary  burdens  are  also  less.  In  a  citizen  suit,  the 
plaintiff  can  obtain  an  injunction  against  further  actions  of  the 
defendant,  penalties  under  the  CWA,  RCRA,  and  CERCLA  to  be 
paid  by  the  defendant  to  the  U.S.  Treasury,  and  attorney’s  fees 
and  costs.  Proof  of  violation  of  a  federal  or  state  environmental 
standard  is  sufficient  to  win  court  relief.  In  a  citizen  suit,  the 
plaintiff  does  not  need  to  prove  harm  because  of  the  violation, 
and  no  damages  are  awarded  to  the  plaintiff,  who  is  merely 
suing  to  stop  the  violation. 


Prior  to  1970,  state  laws  such  as  the  Michigan  Environmen¬ 
tal  Policy  Act  authorized  anyone,  not  just  the  government,  to 
bring  an  action  in  a  state  court  to  prevent  pollution,  impairment, 
or  destruction  of  the  environment.  Such  statutes,  often  said  to 
have  created  private  attorneys  general,  were  the  precursor  of  the 
federal  citizen  suit.** 

During  the  1970s  citizen  suits  were  used  primarily  in  test 
cases  to  compel  the  government  to  fulfill  nondiscretionary 
duties.  Only  a  few  dozen  suits  were  filed  against  individual  pol¬ 
luters,  while  hundreds  of  nondiscretionary  duty  suits  were  filed 
against  regulatory  agencies.  These  suits  reflected  the  strategy  of 
the  leading  environmental  litigants,  among  them  the  Natural 
Resources  Defense  Council,  the  Environmental  Defense  Fund, 
and  the  Sierra  Club  Legal  Defense  Fund.  A  suit  seeking  to  re¬ 
quire  EPA  to  regulate  toxic  water  pollutants  could  affect 
thousands  of  industrial  dischargers,  while  a  private  enforcement 
suit  against  a  polluter  would  apply  to  just  one. 

The  Clean  Water  Act  leads  in  numbers  of  citizen  suits,  many 
of  which  were  inspired  by  a  citizen-enforcement  program  led  in 
the  1980s  by  the  Natural  Resources  Defense  Council  and  the  At¬ 
lantic  States  Legal  Foundation.  The  strategy  was  to  compare  dis¬ 
charge  limits  set  out  in  a  permit  with  the  facility’s  own  reported 
disposal  levels,  which  are  filed  with  EPA. 

Before  bringing  a  suit,  citizens  are  required  to  give  60  days 
notice  to  the  federal  government,  the  state,  and  the  violator.  If 
the  federal  government  or  the  state  is  prosecuting  an  enforce¬ 
ment  action  against  the  violator,  citizens  may  not  bring  a 
separate  action,  but  they  may  intervene  in  the  litigation.  A 
federal  or  state  agency,  when  notified  of  intent  to  file  a  citizen 
suit,  may  initiate  a  separate  enforcement  action,  join  in  the 
citizen’s  suit,  or  allow  the  suit  to  proceed  and  perhaps  file  an 
amicus  brief  on  points  of  law. 

In  the  past  decade,  most  Clean  Water  Act  citizen  suits  did 
not  go  to  trial,  but  rather  were  settled  when  dischargers  and  en¬ 
vironmental  groups  signed  court-approved  consent  decrees.  In 
many  cases,  the  court  also  imposed  a  penalty.  The  largest 
citizen-suit  penalty  to  date  was  assessed  for  $1.3  million.**  Most 
penalties  were  paid  to  the  U.S.  Treasury,  but  in  some  cases  pay¬ 
ments  have  been  made  to  environmental  groups  or  to  an  environ¬ 
mental  project  unrelated  to  the  suit. 
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Since  1979  more  than  2,000  public  notices  have  been  filed 
announcing  citizen  suits.  About  two-thirds  of  the  suits  involved 
Clean  Water  Act  violations,  one-fourth  were  RCRA  suits,  and  the 
remainder  were  Superfund  cases.  Many  citizen  suits  cited  more 
than  one  statute.  The  1984  RCRA  amendments  allow  a  citizen  to 
sue  any  past  or  present  generator,  transporter,  owner,  or 
operator  of  a  treatment,  storage,  or  disposal  facility.  Thus  many 
of  the  RCRA  citizen  suits  have  been  brought  by  owners  of  haz¬ 
ardous  waste  sites  seeking  to  enjoin  previous  owners  to  share  the 
liability. 

By  1988  approximately  64  citizen  suits  had  been  settled  out- 
of-court  and  230  had  gone  to  trial,  including  200  Clean  Water  Act 
suits.  Pennsylvania  led  the  nation  with  163  notices  of  intent  to 
file  citizen  suits,  117  under  the  Clean  Water  Act.  New  York  fol¬ 
lowed  with  124  notices,  of  which  100  were  Clean  Water  Act 
claims.  Next  came  New  Jersey  with  76  notices  and  Connecticut 
with  72.  The  average  time  from  notice  to  settlement  varied  from 
nine  months  in  some  states  to  four  or  five  years  in  others.  Citizen 
groups  were  not  the  only  litigants.  State  agencies  also  filed 
citizen  suits  against  municipalities  and  federal  facilities  in  non- 
compliance  with  environmental  regulations. 

Citizen  suits  allow  individuals  to  stop  environmental  viola¬ 
tions  not  being  addressed  by  public  enforcers.  While  federal  and 
state  agencies  take  action  against  the  most  significant  viola¬ 
tions,  citizen  suits  serve  to  supplement  governmental  efforts. 

In  some  cases,  public  and  private  enforcers  are  beginning  to 
join  forces.  For  example,  in  1989  the  United  States  and  STOP, 
Inc.,  a  citizens  group,  sued  the  owners  of  an  Indiana  landfill  for 
RCRA  violations.  The  facility  lacked  an  adequate  groundwater 
monitoring  system,  and  pollutants  had  migrated  off  site,  con¬ 
taminating  private  wells  that  provided  drinking  water  for  local 
residents.  The  suit  resulted  in  a  penalty  of  $2.8  million,  the 
largest  civil  penalty  assessed  in  a  RCRA  case.  After  a  6-week 
trial,  a  federal  court  ordered  the  owners  to  close  their  facility, 
conduct  corrective  actions,  and  pay  the  record-setting  penalty. 
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June  17 ,  1986 


On  June  27,  1986,  the  Massachusetts  Department  of 
Environmental  Protection  issued  stringent  new 
Imitations  on  sources  that  discharged  liquid  wastes  into  the 
Ten  Mile  River.  In  response  to  those  new  standards,  the 
Robbins  Company,  a  medium-sized  electroplating  firm  in 
Attleboro,  Massachusetts,  had  to  chose  between  two  op¬ 
tions,  neither  of  which  seemed  very  attractive.  Tying  into 
the  local  wastewater  treatment  facility  would  be  expensive 
and  uncertain,  because  regulations  might  change  over  the 
years.  Upgrading  its  own  treatment  plant  would  cost  ap¬ 
proximately  $500,000  in  addition  to  high  operating  costs. 
In  addition,  on-site  treatment  would  generate  large 
amounts  of  metal  hydroxide  sludge.  For  the  Robbins  Com¬ 
pany,  on-site  treatment  would  transform  a  water  pollution 
problem  into  a  solid  waste  disposal  problem. 

Instead,  the  Robbins  Company  chose  to  participate  in 
a  pilot  program  set  up  to  help  find  alternative  ways  to  meet 
the  new  standards.  One  option  sounded  particularly  in¬ 
triguing:  a  closed-loop  system  that  would  detoxify  waste- 
water  and  send  it  back  into  the  plant  for  further  use.  In  fact, 
the  Robbins  Company  went  on  to  design  and  install  what 
may  have  been  the  first  closed-loop  system  of  its  kind  in  the 
nation. 

Results  have  been  striking.  Since  1986  chemical  use 
has  dropped  82  percent;  hazardous  waste  generation,  89 
percent;  water  use,  47  percent;  and  the  costs  of  laboratory 
analysis,  87  percent.  These  reductions  translate  into  about 
$71,000  in  direct  savings  in  annual  operational  expenses. 
Moreover,  installation  and  housing  of  the  closed-loop  sys¬ 
tem  cost  about  $220,000— far  less  than  the  cost  of  upgrad¬ 
ing  the  treatment  plant.  And  the  plating  product  has 
improved,  because  the  recycled  water  is  purer  than  the  ini¬ 
tial  water  source. 


CHAPTER  6 


Pollution 

Prevention 

The  term  "pollution  prevention"  may  well  become  the  hall¬ 
mark  of  environmental  policy  in  the  1990s  and  beyond.  In 
short,  pollution  prevention  aims  to  reduce  the  amount  and/or 
toxicity  of  pollutants  being  generated.  It  does  this  through  any 
number  of  strategies:  using  less  toxic  inputs;  redesigning  prod¬ 
ucts;  altering  manufacturing  processes;  conserving  energy  in 
homes,  businesses,  and  power  plants;  and  reducing  the  amount 
of  agrichemicals  used  to  raise  crops  and  livestock. 

As  the  concept  evolves  and  case  studies  like  the  Robbins 
Company^  multiply,  several  key  characteristics  of  pollution  pre¬ 
vention  are  emerging.  They  contrast  sharply  with  the  concept  of 
pollution  control  that  has  dominated  U.S.  environmental  policy 
for  the  past  two  decades,  and  they  include: 

*  Pollution  prevention  means  the  reduction  or 
elimination  of  pollutants  at  their  source  so  that  waste  is 
not  generated;  it  contrasts  with  "end-of-pipe," 
"collect-and-contain,"  or  "release-and  dilute"  controls 
designed  to  treat  or  control  releases  and  waste  already 
generated. 
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•  Pollution  prevention  emphasizes  the  efTlcient,  and 
therefore  more  profitable,  use  of  material  and  energy 
resources;  it  contrasts  with  the  costly  treatment  of 
resource  w£istes  that  often  are  byproducts  of  inefficient 
use  of  materials  or  energy. 

*  Pollution  prevention  reduces  the  total  amount  of 
pollutants  in  the  environment;  it  does  not  simply  shift 
them  from  one  environmental  medium  to  another,  as  so 
many  pollution  control  strategies  do. 

Pollution  prevention  also  contrasts  with  pollution  control  in 
terms  of  its  application  and  strategies.  While  end-of-pipe  mea¬ 
sures  focus  primarily  on  large,  centralized  facilities  like  power 
plants  and  sewage  treatment  facilities,  pollution  prevention  can 
be  applied  at  all  levels  of  economic  activity,  including  personal 
consumption  patterns.  And  while  pollution  control  relies  on  tech¬ 
nological  solutions,  pollution  prevention  employs  a  range  of 
strategies  from  information  exchange  to  regulation. 


Historical 

Perspective 

The  pollution  problems  confronting  most  Americans  two  decades 
ago  were  conspicuous  and  alarming.  Lake  Erie  was  suffocating 
from  algal  blooms  fed  by  phosphate  discharges;  layers  of  smog 
covered  many  urban  regions  of  the  country;  solid  waste  dumps 
were  open  and  uncontrolled;  wildlife  populations  were  declining 
because  of  the  widespread  use  of  DDT. 
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Two  Decades  of 
Pollution  Control 

A  sense  of  urgency  helped  propel  the  environmental  activism  that 
marked  the  1960s  and  1970s.  Environmental  legislation  enacted 
during  the  1970s  emphasized  pollution  control  equipment  to 
treat  the  most  immediate  pollution  problems:  wastes  from  power 
plants,  automobiles,  municipal  wastewater  facilities,  and 
manufacturing  plants,  for  example.  This  approach  was  predi¬ 
cated,  among  other  factors,  on  the  "polluter  pays"  notion  that  as¬ 
signed  m£gor  responsibility  for  cleanup  to  the  polluting  entity. 

In  a  recent  report  on  environmental  risk  in  the  1990s,^  the 
EPA  Science  Advisory  Board  (SAB)  characterized  the  end-of-pipe 
approaches  of  the  1970s  as  sensible,  targeted,  relatively  efticient, 
and  reasonably  cost-effective,  given  the  kinds  of  environmental 
problems  that  faced  the  nation  then.  Indeed,  such  control 
measures  have  resulted  in  measurable  improvements  in  environ¬ 
mental  quality.  (Examples  of  such  improvements  are  described  in 
Chapters  1  and  8  of  this  report.)  Control  technologies  and  regula¬ 
tions  will  continue  to  be  essential  in  an  environmental  protection 
strategy. 

The  SAB  report  also  envisioned  a  shift  from  pollution  control 
to  pollution  prevention.  That  vision  was  based  on  an  increasing 
appreciation  for  the  limitations  of  pollution  control,  which  is  lar¬ 
gely  remedial  rather  than  preventive  and  media-specific  rather 
than  multimedia  in  scope. 

First,  control  technologies  generally  do  not  eliminate  a  pol¬ 
lutant,  but  often  serve  to  transfer  it  from  one  environmental 
medium  to  another.  Air  and  water  pollutants,  for  example,  typi¬ 
cally  are  concentrated  through  end-of-pipe  controls  into  a  form  of 
sludge  for  disposal  on  land.  Cross-media  solutions  are  needed  to 
avoid  such  transfers,  which  sometimes  can  be  as  environmentally 
threatening  as  the  original  problem. 

Second,  many  of  the  environmental  problems  evident  today 
are  linked  to  numerous  small  sources  of  pollution  rather  than 
mqjor  "point"  sources  already  regulated.  Nonpoint  sources,  such 
as  agrichemical  runoff  from  farms,  do  not  lend  themselves  easily 


to  conventional  control  approaches.  Neither  do  indoor  pollutants, 
such  as  radon,  found  in  many  homes  and  buildings  across  the 
country.  For  example,  a  recent  estimate  by  the  National  Acid 
Precipitation  Assessment  Program  puts  total  annual  emissions  of 
volatile  organic  compounds  (VOCs)  from  all  sources  at  46  billion 
pounds.  That  is  17  times  the  amount  reported  by  industrial  sour¬ 
ces  in  the  1987  Ibxics  Release  Inventory.  Over  half  the  VOCs  are 
emitted  by  mobile  sources.^  Such  data  strongly  suggest  the  need 
for  environmental  protection  strategies  that  extend  beyond  end- 
of-pipe  pollution  controls. 

Tracking  and  analyzing  an  ever-expanding  list  of  new  pol¬ 
lutants — let  alone  controlling  them — is  a  megor  challenge  today. 
Approximately  63,000  chemical  substances  are  in  use  commer¬ 
cially  today,  and  new  chemicals  are  being  introduced  in  the 
United  States  at  a  rate  of  several  thousand  per  year.*  Conven¬ 
tional  regulatoiy  approaches  simply  cannot  keep  pace  with  such 
proliferation. 

Moreover,  pollution  control  techniques  are  subject  to  dimin¬ 
ishing  returns.  That  is,  additional  increments  of  environmental 
improvement  are  gained  only  at  increasingly  hi^er  costs.  Since 
the  least  expensive  pollution  control  measures  already  have  been 
mandated,  future  resources — in  many  cases — ^would  be  better  in¬ 
vested  in  more  productive  forms  of  environmental  protection — 
that  is,  pollution  prevention. 

Improved  knowledge  on  the  effects  and  interaction  of  pol¬ 
lutants  point  to  possible  new  problems  of  unprecedented  scale 
and  uncertainty.  Among  the  most  publicized  examples  are  acid 
rain,  ozone  depletion,  and  global  change.  More  subtle  examples 
include  recent  research  documenting  long-term  and  pervasive  ac¬ 
cumulation  of  toxic  chemicals  throughout  the  Great  Lakes 
ecosystem.®  Actions  that  serve  to  anticipate  and  prevent  prob¬ 
lems  of  such  risk  and  potential  irreversibility  are  only  prudent. 
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Emergence  of  Pollution 
Prevention 

The  potential  of  pollution  prevention  in  addressing  the  deficien¬ 
cies  of  conventional  controls  has  been  recognized  for  a  long  time. 
For  example,  effluent  guidelines  under  the  Clean  Water  Act  of 
1972  include  waste  reduction  as  an  option  for  "best  available 
technology"  controls.  In  1975  the  3M  Company  initiated  its  pace¬ 
setting  "Pollution  Prevention  Pays"  program  in  response  to  a 
changing  regulatory  climate  and  in  the  belief  that  future  competi¬ 
tiveness  required  a  different  attitude  toward  waste  of  any  kind.® 
By  the  early  1980s  several  states  had  taken  the  lead  in  estab¬ 
lishing  technical  assistance  programs  to  help  industries  reduce 
their  waste  streams.  Other  states  with  aggressive  prevention 
programs  helped  demonstrate  the  value  of  education  and  techni¬ 
cal  assistance  for  industries. 

Several  factors  explain  the  recent  surge  of  interest  in  pollu¬ 
tion  prevention.  Economics  is  one  of  the  most  potent.  By  improv¬ 
ing  production  efficiency  and  avoiding  the  costs  of  pollution 
treatment,  control,  and  liability,  companies  can  enhance  their 
competitiveness.  Treating  pollution  as  a  natural  by-product  of 
production  is  an  outmoded  concept  in  a  competitive  world  where 
wastes  can  be  designed  out  of  production  processes  or  even  trans¬ 
formed  into  useful  products  or  resources.  Further,  strong  public 
demand  for  an  improved  environment  reinforces  the  value  of  pol¬ 
lution  prevention  investments.  Corporations  that  make  such  in¬ 
vestments  often  gain  public  good  will  as  well  as  lower  waste 
disposal  costs. 
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Pollution 

Prevention 

Today 


The  idea  of  pollution  prevention  is  taking  hold  at  all  levels  of 
American  society.  Recent  pollution  preventing  activities  have  in¬ 
volved  the  public  and  private  sectors  as  well  as  individual  con¬ 
sumers. 


Industry 


Pollution  prevention  in  the  industrial  sector  is  hardly  a  new  con¬ 
cept.  Industrial  operations  traditionally  have  adopted  a  variety  of 
waste  reduction  techniques  to  lower  costs  of  production  and  in¬ 
crease  profits.  But  the  nature  of  economic  incentives  and  the  cor¬ 
responding  emphasis  placed  on  prevention  as  a  management 
priority  are  changing  rapidly. 

Prior  to  enactment  of  the  msgor  environmental  laws,  little 
economic  incentive  existed  for  firms  to  engage  in  waste  treat¬ 
ment.  Actual  costs  of  disposing  wastes  to  the  environment  were 
very  low,  if  not  free.  Moreover,  the  social  costs  associated  with  the 
resulting  pollution  were  not  assessed  to  the  source.  Waste  reduc¬ 
tion  was  pursued  as  long  as  it  was  profitable  and  information  ex¬ 
isted  on  available  options. 

Yet  continued  use  of  the  environment  as  a  given  led  to  the 
pollution  problems  evident  in  the  1960s,  and  those  problems  in 
turn  led  to  end-of-pipe  controls.  Investment  costs  for  such  control 
technologies  were  partially  offset  through  depreciation  tax 
credits,  industrial  revenue  bonds,  and  grants  to  municipalities 
for  wastewater  treatment  facilities.^ 
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Pollution  controls  solve  no  problem.  They  only 
alter  the  problem,  shifting  it  from  one  form  to 
another,  contrary  to  this  immutable  law  of 
nature:  the  form  of  matter  may  be  changed,  but 
matter  does  not  disappear . . .  [I]t  is  apparent 
that  conventional  controls,  at  some  point, 
create  more  pollution  than  they  remove  and 
consume  resources  out  of  proportion  to  the 
benefits  derived . . .  What  emerges  is  an 
environmental  paradox.  It  takes  resources  to 
remove  pollution;  pollution  removal  generates 
residue;  it  takes  more  resources  to  dispose  of 
this  residue  and  disposal  of  residue  also 
produces  pollution.^ 

—  Dr.  Joseph  Ling 

Vice  President  (Ret),  3M  Company 


In  the  past  several  years,  economic  incentives  for  firms  to 
prevent  the  generation  of  wastes  have  strengthened  significantly 
for  several  reasons.  First,  pollution  control,  cleanup,  and  liability 
costs  are  increasing.  Second,  costs  of  resource  inputs — energy 
and  raw  materials — are  increasing  also,  further  encouraging 
their  efficient  use.  Finally,  public  pressure  on  companies  to 
decrease  pollution  has  increased,  magnified  by  new  requirements 
under  section  313  of  the  Superfiind  Amendments  that  require 
firms  to  report  annual  releases  of  toxic  chemicals.^ 

These  factors  all  have  worked  to  elevate  the  priority  of  pollu¬ 
tion  prevention  in  the  industrial  sector,  as  evidenced  by  a  bur¬ 
geoning  number  of  studies  and  publications  devoted  to  the 
subject.  The  Congressional  Office  of  Technology  Assessment 
(OTA)  has  issued  several  reports  on  industrial  hazardous  waste 
reduction.^®  Two  reports  in  1985,  one  by  INFORM,  an  inde¬ 
pendent  nonprofit  organization,  and  another  by  the  National  Re- 
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search  Council,  also  focused  on  prevention  strategies  for  hazard¬ 
ous  wastes.^^  Since  1985  the  League  of  Women  Voters  has  spon¬ 
sored  annual  conferences  in  Woods  Hole,  Massachusetts,  to 
spread  information  on  industrial  waste  reduction  efforts.  Trade 
journals  are  devoting  more  and  more  attention  to  articles  on 
prevention  strategies.  Federal  and  state  agencies  are  document¬ 
ing  an  increasing  number  of  pollution  prevention  success  stories 
to  share  with  industries.  Although  such  successes  are  difRcult  to 
validate  precisely,  clearly  American  industry  is  emphasizing 
prevention  strategies  more  than  ever  before. 


Techniques  to  Prevent  Pollution 

Industrial  pollution  prevention  strategies  can  be  grouped  into 
five  general  categories.  Presented  in  order  of  decreasing  impor¬ 
tance  to  companies  surveyed  in  the  mid-1980s,  the  strategies  are: 
in-process  recycling,  process  modification,  improved  plant  opera¬ 
tions,  input  substitution,  and  changes  in  end  products. 

In-Process  Recycling 

By  the  on-site  recycling  of  waste  products  back  into  the  produc¬ 
tion  process,  companies  often  can  reduce  pollution.  For  example, 
an  IBM  plant  recycled  two  m£gor  waste  solvent  streams  used  to 
clean  electronic  and  circuit  boards.  By  recycling  these  two  sol¬ 
vents,  the  amount  of  wastes  requiring  disposal  was  reduced  by  95 
percent.  In  1984  cost  savings  were  about  $500,000.  Between  1980 
and  1985  over  1.5  million  pounds  of  solvents  were  recycled.^® 

Process  Modification 

Many  industrial  firms  have  prevented  pollution  successfully  by 
modif3dng  production  processes.  Such  modifications  include 
adopting  more  advanced  technology,  improving  the  efficiency  of 
equipment  operation,  optimizing  raw  material  use,  and  modify¬ 
ing  equipment  to  enhance  material  recovery. 
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For  example,  Broyhill  Furniture  Industries  improved 
production  technology  by  replacing  a  conventional  spray  finish¬ 
ing  operation  with  an  electrostatic  finishing  system,  l^th  the 
new  system,  a  sensitizing  agent  is  applied  to  furniture  to  attract 
and  hold  finishing  material,  thus  decreasing  overspray  and  the 
amount  of  solvent  needed  for  cleanup.  Broyhill  has  saved 
$150,000  annually  and  achieved  a  20-percent  reduction  in  finish¬ 
ing  and  cleanup  materials.^^ 

Regulations  sometimes  play  a  constructive  role  in  promoting 
waste  reduction  techniques  that  prove  to  be  profitable.  For  ex¬ 
ample,  Exxon  installed  "floating"  roofs  on  storage  tanks  for 
acetone  and  other  volatile  chemicals  at  their  facility  in  Linden, 
New  Jersey,  in  anticipation  of  state  regulations.  Emissions  reduc¬ 
tions  in  1983  were  greater  than  680,000  pounds  per  year — worth 
more  than  $200,000  in  chemicals  that  would  have  been  lost  to 
evaporation.  Yet  the  tanks  cost  only  $5,000  to  $13,000  each  (in 
1983  dollars).^® 

Improved  Plant  Operations 

Industrial  firms  can  implement  a  variety  of  improved  manage¬ 
ment  or  "housekeeping"  procedures  that  will  aid  pollution  reduc¬ 
tion.  These  include  conducting  environmental  audits,  estab¬ 
lishing  regular  preventive  maintenance,  specifying  proper  mater¬ 
ial  handling  procedures,  and  implementing  employee  training 
and  feedback  programs. 

The  implementation  of  thorough  environmental  audits  is  an 
especially  beneficial  initial  pollution  prevention  activity.  Audits 
enable  companies  to  inventory  and  trace  input  chemicals  and  to 
identify  how  much  waste  is  generated  through  specific  processes. 
Consequently,  they  can  effectively  target  the  areas  where  waste 
can  be  reduced  and  formulate  additional  strategies  to  achieve 
reductions.  After  conducting  a  waste  audit,  for  example,  the 
Chevron  USA  petroleum  refinery  in  Richmond,  California,  found 
that  90  percent  of  its  chromium  and  nickel  discharges  to  the  San 
Francisco  Bay  originated  from  just  two  small  sources  at  their 
2,900-acre  reflnery.^^  This  knowledge  enabled  Chevron  to  sub¬ 
stantially  reduce  its  total  releases  of  these  substances  through 
input  substitutions  and  process  modifications  at  the  most 
problematic  sites. 
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Input  Substitution 

Industrial  firms  can  use  less  hazardous  and/or  more  efficient  in¬ 
puts  to  decrease  pollution.  Input  substitution  has  been  especially 
successful  in  material  coating  processes,  with  many  companies 
substituting  water-based  for  solvent-based  coatings.  Water-based 
coatings  decrease  the  amount  of  hazardous  waste  produced, 
decrease  volatile  organic  compound  (VOC)  emissions,  and  con¬ 
serve  energy.  Riker  Laboratories,  a  pharmaceutical  plant, 
switched  to  a  water-based  solvent  in  coating  medicine  tablets, 
leading  to  a  24-ton  per  year  reduction  in  air  pollution  and  saving 
the  plant  $180,000  in  pollution  control  equipment  that  would 
have  been  needed  to  meet  California’s  environmental  regula¬ 
tions.^® 

Substitutes  may  take  a  more  exotic  form.  For  example,  re¬ 
search  currently  is  being  conducted  on  an  oil  derived  from  the 
seed  of  a  native  African  plant,  Vemonia  galamensis,  a  possible 
substitute  for  traditional  solvents  in  alkyd  resin  paints.  It  is  es¬ 
timated  that  the  United  States  uses  325  million  gallons  of  alkyd 
resin  paints  annually.  The  use  of  vemonia  oil  could  lead  to  a  20 
million-gallon  decrease  in  VOC  emissions  annually.^® 


Changes  in  End  Products 

Manufacturers  also  can  reduce  pollution  by  redesigning  or  refor¬ 
mulating  end  products  to  be  less  hazardous.  For  example,  chemi¬ 
cal  products  may  be  produced  as  pellets  instead  of  powder, 
decreasing  the  amount  of  waste  dust  lost  during  packaging.*®  Un¬ 
bleached  paper  products  can  replace  bleached  alternatives. 

Redesigning  products  can  be  one  of  the  most  challenging 
avenues  for  preventing  pollution  in  the  industrial  sector,  because 
consumer  acceptance  of  the  new  product  may  be  uncertain. 
Moreover,  product  redesign  may  require  substantial  alterations 
in  production  technology  and  inputs.  Thus  refined  market  re¬ 
search  and  consumer  education  strategies,  such  as  product  label¬ 
ing,  may  prove  helpful. 
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Challenges  and  Opportunities 

Several  obstacles  to  pollution  prevention  suggest  the  enormous 
opportunities  still  available  in  the  industrial  sector.  One  problem 
is  that  many  businesses,  not  only  small  ones,  lack  access  to  tech¬ 
nical  information  on  profitable  pollution  prevention  strategies. 
As  discussed  later  in  this  chapter,  EPA,  state  agencies,  and  some 
local  governments  are  committed  to  meeting  this  need  through 
technical  assistance  and  information  clearinghouses. 

Sharing  information  is  not  as  simple  and  straightforward  as 
it  sounds.  Large  firms  that  operate  in  highly  competitive  markets 
often  devote  considerable  research  and  development  resources  to 
devise  strategies,  such  as  pollution  prevention,  that  improve 
their  market  position.  Industries  that  do  achieve  technological 
breakthroughs  usually  are  reluctant  to  share  proprietary  infor¬ 
mation  with  competitors.  But  many  types  of  knowledge  and  tech¬ 
nical  information  can  be  transferred  without  jeopardizing 
proprietary  data — a  fact  behind  EPA’s  new  program  to  encourage 
information  transfer  from  large  companies  to  their  smaller 
counterparts.^^ 

A  related  challenge  is  the  need  for  institutional  changes  that 
affect  engineering  design,  basic  research,  and  education.  For  ex¬ 
ample,  many  production  engineers  today  are  reluctant,  or  not 
equipped,  to  incorporate  innovative  pollution  prevention  ideas 
into  an  original  design  process,  because  they  haven’t  been  trained 
to  do  so.  New  curricula  and  accreditation  standards,  prompted 
and  supported  by  industry,  will  be  required  to  meet  this  chal¬ 
lenge.** 

Corporate  leadership,  a  vital  ingredient  in  successful  preven¬ 
tion  programs,  is  needed  to  overcome  inherent  resistance  to 
change.  For  example,  promotion  of  new  accounting  methods  can 
be  used  to  explicitly  identify  waste  streams  associated  with 
specific  processes  and  products  rather  than  the  common  practice 
of  identifying  waste  treatment  costs  as  general  overhead.**  While 
some  firms,  such  as  Dow  Chemical,  adopted  such  methods  nearly 
three  decades  ago,  many  others  have  yet  to  follow  suit. 

Managers  at  a  Rhone  Poulenc  plant  in  the  United  Kingdom 
have  found  this  type  of  accounting  to  be  extremely  effective  at 
alerting  them  to  waste  problems.  A  computerized  waste  account- 
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ing  system  now  keeps  track  of  wastes  and  associated  disposal 
costs.  The  develop)er  of  the  system  reports: 

The  first  time  I  did  this  there  was  quite  a  sensation.  I  was 
besieged  by  calls  saying,  'Are  you  sure?  You  must  be  joking,' 
and  so  on — it  was  an  absolute  revelation.  They  were  jolted 
from  blissful  ignorance  about  their  true  production  costs.^ 

Finally,  greater  emphasis  must  be  placed  on  changing 
product  design,  the  pollution  prevention  strategy  that  ranked 
lowest  in  the  mid-1980s  survey.  Pollution  generated  as  a  conse¬ 
quence  of  inappropriate  design  and/or  use  of  consumer  products 
may  be  more  significant  than  the  pollution  directly  resulting 
from  manufacturing  processes.^  Pollution  from  product  use  is 
dispersed  much  more  widely  throughout  society  than  pollution 
from  manufacturing,  and  consumers  often  do  not  understand  the 
risks  associated  with  products  they  might  use  frequently.  For  ex¬ 
ample,  many  common  household  cleaning  and  garden  main¬ 
tenance  products  contain  ingredients  that  are  hazardous  during 
use  and  upon  disposal.  More  subtle  examples  include  disposal  of 
appliances  or  other  consumer  durables  that  could  be  redesigned 
for  improved  durability  and  fewer  repairs.  In  all  such  cases, 
shifting  emphasis  to  product  redesign  may  be  far  more  effective 
than  attempting  to  influence  individual  behavior. 

Efforts  to  build  pollution  prevention  into  product  design  are 
increasing.  For  example,  an  EPA-funded  project  directed  by  the 
Conservation  Foundation  is  evaluating  opportunities  to  reduce 
the  volume  and  toxicity  of  municipal  solid  waste  through  product 
and  packaging  design  changes,  as  well  as  changes  in  product 
use.  Officials  from  3M  also  see  a  promising  future  for  pollution 
prevention,  with  special  emphasis  on  product  design: 

Up  until  recently  our  program  has  been  voluntary,  but 
now  we're  giving  it  structure  and  goals.  One  goal  that  can  be 
quantified  is  to  eliminate  90  percent  of  our  air  emissions  by 
the  year  2000,  and  a  second  is  to  eliminate  50  percent  of  our 
solid  waste  by  the  same  time. 

One  [goal]  that  hasn't  been  quantified  is  to  reduce  the 
environmental  impact  of  our  products  and  their  packaging, 
and  another  is  to  reduce  pollution  in  the  products  and 
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materials  we  buy  from  our  suppliers  . . .  We're  going  to 
become  more  structured  in  our  goals  and  in  our  process  of 
identifying  waste  and  carrying  out  company-wide  programs 
to  eliminate  it.^ 

Improved  data  collection  and  assessment  are  critical  to 
structure  better  goals,  to  track  progress,  and  to  further  identify 
pollution  prevention  opportunities.  The  key  to  future  prevention 
strategies  may  be  what  a  top-ranking  official  from  DuPont  calls 
turning  the  problems  of  increased  environmental  constraints 
into  opportunities: 

For  myself  I  am  convinced  that  the  best  response  to  the 
increasingly  strong  global  pressures  for  environmental 
protection  is  to  re-examine  the  ways  we  make  our  products, 
the  materials  we  use,  and  the  products  themselves.^ 


Energy  and  Transportation 


U.S.  consumption  of  energy  is  linked  to  many  of  this  country’s 
most  pressing  environmental  concerns.  Emissions  released  to  the 
atmosphere  from  fossil  fuel  combustion  contribute  to  atmospheric 
degradation.  Sulfur  and  nitrogen  emissions  contribute  to  acid 
rain.  Nuclear  fuel,  while  causing  no  acidic  or  CO2  emissions, 
produces  dangerous  radioactive  wastes.  Each  energy  source 
presents  its  own  set  of  tradeoffs  between  economic  efficiency  and 
environmental  impact.  Even  hydroelectric  power — which  uses  a 
renewable  resource— can  cause  significant  impacts  on  local  and 
regional  ecosystems. 

As  in  the  industrial  sector,  a  certain  amount  of  pollution 
prevention  has  been  practiced  in  the  energy  and  transportation 
sectors  over  the  past  decade  at  least,  particularly  through  energy 
conservation.  Some  utility  companies  have  promoted  significant 
reductions  in  energy  consumption  through  conservation  mea¬ 
sures.  Automobiles  now  are  much  more  fuel-efficient  than  before 
the  oil  crisis  in  the  1970s. 
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However,  much  more  can  be  accomplished.  Energy  conserva¬ 
tion  and  the  development  of  alternative  fuels  are  two  pollution 
prevention  strategies  that  can  serve  to  "stretch"  finite  energy 
sources  and  reduce  pollution  while  a  transition  is  made  to  a  wider 
use  of  cleaner,  renewable  energy  sources. 

At  the  heart  of  modem  society  lies  an  economy 
driven  by  energy  use.  Unfortunately,  the  same 
energy  that  brings  us  comfort,  convenience  and 
prosperity  also  brings  us  pollution, 
impoverishment  and  global  warming.  Our 
challenge  is  to  maximize  the  benefits  gained 
from  energy  consumption  while  minimizing  the 
costs  incurred.^ 

—  Douglas  Foy,  Executive  Director 
Conservation  Law  Foundation 
September  1989 


Improvements  in  energy  efficiency — ^getting  the  same 
amount  or  more  energy  services  for  less  energy  input — ^has 
tremendous  potential  for  preventing  pollution.  On  January  26, 
1990,  the  U.S.  Department  of  Energy  (DOE)  laimched  a  series  of 
energy  efficiency  and  renewable  energy  initiatives.  Deputy 
Secretary  W.  Henson  Moore  described  the  potential  benefits  for 
the  environment: 

Using  energy  more  efficiently  under  these  initiatives  will 
also  avoid  damage  to  the  environment  by  an  estimated  800 
million  tons  of  carbon  dioxide,  2.3  million  tons  of  sulphur 
oxides,  and  2.1  million  tons  of  nitrogen  oxides  annually.  The 
avoided  carbon  dioxide  emissions  result  from  these 
cost-effective  steps  that  the  government  and  the  private  sector 
can  take  now  to  reduce  the  threat  of  global  climate  change?^ 
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As  is  often  the  case  with  pollution  prevention,  cost-savings 
associated  with  these  initiatives  could  be  considerable.  The  DOE 
plan  calls  for  an  investment  of  $336  million  over  a  6-year  period 
for  a  variety  of  programs.  Potential  cost  savings  in  the  next  10-20 
years  could  exceed  $32  billion  for  energy  efficiency  measures  in 
just  four  cu*e£is:  (1)  replacing  inefficient  lighting  in  federal 
facilities  with  high-efflciency  lighting  technology;  (2)  relighting 
commercial  buildings;  (3)  improving  utility  planning  for  efflcien- 
cy;  and  (4)  accelerating  voluntary  building  guidelines  and  stand¬ 
ards. 

Given  this  magnitude  of  potential  cost-savings,  a  natural 
question  surfaces:  If  these  investments  are  so  profitable,  why 
isn’t  it  happening  in  the  free  market  already?  In  launching  a 
similar  type  of  efficiency  program  in  the  New  England  area,  the 
New  England  Energy  Policy  Council  addressed  that  very  ques¬ 
tion.  Three  obstacles  were  noted:  lack  of  information  on  new  tech¬ 
nologies;  lack  of  resources  or  incentives  to  make  initial 
investments;  and  lack  of  sufficient  action  on  the  part  of  utilities, 
often  due  to  lack  of  profit  incentives  to  do  so.*® 


Energy  Conservation  =  Increased 
Competitiveness 

As  the  figures  on  cost-savings  would  suggest,  energy  conserva¬ 
tion  can  enhance  economic  growth  and  competitiveness.  Between 
1973  and  1985,  for  example,  per  capita  Gross  Domestic  Product 
in  the  Organization  for  Economic  Cooperation  and  Development 
(OECD)  nations  rose  32  percent,  while  per  capita  energy  use 
decreased  5  percent.®^  Overall  energy  consumption  in  the  United 
States  per  dollar  of  gross  national  product  (in  1982  dollars)  fell 
26.1  percent  from  1973  to  1988.®®  Between  1979  and  1986,  the 
United  States  obtained  seven  times  more  energy  from  efficiency 
savings  than  from  additional  capacity.®®  And  gains  in  efficiency 
occurred  in  all  sectors — from  households  to  industry. 

A  good  case  study  is  Japan,  which  has  made  significant  gains 
in  energy  efficiency.  The  Japanese  steel  industry  cut  energy  re¬ 
quired  per  ton  of  steel  produced  by  more  than  75  percent  between 
1973  and  1986.®^  Overall  Japanese  energy  use  declined  by  6  per- 
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cent  between  1973  and  1985,  while  per  capita  Gross  Domestic 
Product  rose  46  percent.*®  Clearly,  resources  diverted  from  un¬ 
necessary  consumption  of  energy  become  resources  available  for 
more  productive  investments. 

Although  the  United  States  has  made  significant  progress,  it 
still  ranks  among  the  most  energy  intensive  developed  countries. 
Available  data,  though  not  fully  comparable,  suggest  that  this 
country  uses  about  twice  as  much  energy  per  unit  of  Gross 
Domestic  Product  as  other  western  nations.  Moreover,  total  U.S. 
energy  consumption  is  at  an  all-time  high. 

While  the  need  for  continued  progress  is  clear,  the  causes  for 
this  disparity  need  to  be  understood.  First,  the  United  States  has 
a  more  dispersed  population  than  other  western  nations.  Second, 
the  United  States  has  extensive  domestic  energy  resources  that 
others  lack. 


Energy  Efficiency 

Improved  energy  efficiency  may  be  realized  by  developing  more 
efficient  end-use  technologies  as  well  as  more  efficient  production 
and  delivery  of  energy.  In  the  industrial  sector,  for  example, 
electric  motors  can  be  made  more  efficient  through  speed  con¬ 
trols.  Sometimes  simple  changes  can  reap  tremendous  benefits, 
such  as  the  substitution  of  fluorescent  for  incandescent  light- 
bulbs.  It  is  estimated  that  one  high  efficiency  lightbulb,  which 
lasts  10  times  longer  than  low  efficiency  alternatives,  can 
eliminate  the  combustion  of  524  pounds  of  coal  (or  220-382 
pounds  of  carbon).*® 

In  the  residential  sector,  significant  efficiency  gains  can  be 
achieved  in  household  appliances,  which  consume  approximately 
15  percent  of  this  nation’s  energy.  For  example,  even  though 
refrigerators  today  are  30-70  percent  more  efficient  than  models 
in  place  15  years  ago,  it  is  estimated  that  efficiency  improve¬ 
ments  can  be  increased  by  a  further  75  percent  based  on  available 
technology.*^ 
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Case  Study:  Electric  Utilities 

Electric  utilities  are  a  primary  source  of  carbon  dioxide  emissions  and  of 
emissions  of  acid  rain  precursors.  For  example,  nearly  one-third  of  all  U.S.  CO2 
emissions  are  from  electric  utilities.  Consequently,  they  can  play  a  critical  role  in 
boosting  pollution  prevention  by  promoting  energy  efficiency  among  their  in¬ 
dustrial,  commercial,  and  residential  customers. 

Traditionally,  utilities  have  focused  on  increasing  energy  supply  to  meet  the 
needs  of  consumers.  In  recent  years,  however,  utilities  have  begun  to  implement  a 
variety  of  demand-side  management  programs  because  of  the  high  costs  and  pro¬ 
cedural  complexity  involved  in  building  new  capacity.  A  1987  survey  found  that 
more  than  85  percent  of  U.S.  utilities  had  initiated  some  kind  of  energy  conserva¬ 
tion  program,  with  more  than  one-half  started  during  the  1980s.^  Such  programs 
can  include  energy  audit  services  to  identify  ways  to  reduce  consumption;  rebates 
to  consumers  who  install  energy  saving  devices;  loan  programs  to  help  consumers 
finance  investments  in  energy  saving  equipment;  and  provision  of  free  energy  ef¬ 
ficient  equipment. 

An  ambitious  demand-side  management  program  has  been  launched  in 
New  England.  The  impetus  for  such  a  program  is  not  hard  to  understand.  In  1987 
New  England  states  spent  more  than  $7  billion  annually  for  electricity,  at  rates 
that  were  25  percent  above  the  national  average.  Average  electrical  use  in  the 
region  had  been  growing  more  than  5  percent  a  year  since  1986,  despite  industry 

forecasts  of  about  2  percent.  Power  brownouts  in  1987,  the  first  in  more  than  a 
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decade,  underscored  constraints  in  existing  energy  supplies. 

In  1987  the  Conservation  Law  Foundation  assembled  a  team  of  energy  ex¬ 
perts  and  utility  managers  from  around  the  nation  to  examine  the  economic  and 
technical  feasibility  of  using  energy  conservation  to  help  address  New  England’s 
power  needs.  Their  subsequent  report.  Power  to  Spare,  gained  immediate 
response  from  most  of  the  major  electric  utilities  in  New  England.  The  report 
stressed  three  advantages  of  energy  efficiency:  (1)  it  is  less  costly  than  new  power 
plants;  (2)  it  is  less  risky  than  power  plants  with  their  long  lead  times  and  unpre¬ 
dictable  construction;  and  (3)  it  is  environmentally  clean. 

Working  cooperatively  with  the  Conservation  Law  Foundation,  the  New 
England  Electric  System,  which  supplies  power  in  Massachusetts,  Rhode  Island, 
and  New  Hampshire,  announced  a  $65  million  energy  conservation  program  in 
September  1989.  Projects  include  $12  million  for  efficient  lighting  and  cooling 
systems  for  existing  large  commercial  and  industrial  structures,  as  well  as  assis¬ 
tance  for  developers  of  new  homes.  Energy  savings  in  1990  are  projected  to  reach 
168  megawatts  of  electricity — more  than  that  oH'ered  by  a  small  power  plant.^ 

DOE  has  sponsored  a  nationwide  demand-side  management  program, 
called  "Least-Cost  Utility  Planning"  (LCUP).  This  program  has  funded  projects 
in  all  parts  of  the  country  to  demonstrate  both  efficient  technology  and  electricity 
demand  reductions.  Environmental  benefits  and  ways  to  include  environmental 
externalities  in  regulatory  rate-setting  activities  at  the  state  and  federal  level  are 
being  included  in  LCUP.  Based  on  this  program,  DOE  has  estimated  that  a  nation¬ 
wide  reduction  in  electricity  demand  of  approximately  30  gigawatts  (billion 
watts)  could  occur  by  2010.^* 


Alternative  Fuels 


Cars,  trucks,  and  buses  have  long  been  mcgor  sources  of  air  pollu¬ 
tion  in  the  United  States.  In  response  to  their  contribution  to  air 
quality  problems,  especially  in  urban  areas.  Congress  included 
various  provisions  dealing  with  mobile  sources  in  the  Clean  Air 
Act  in  1970.  That  law  set  up  the  Federal  Motor  Vehicle  Control 
Program,  which  authorized  EPA  to  set  emissions  standards  for 
carbon  monoxide,  nitrogen  oxides,  volatile  organic  compounds 
(VOCs),  and  particulates,  among  others.  EPA  also  used  its 
authority  under  the  Clean  Air  Act  to  phase  out  the  use  of  lead  in 
gasoline. 

Although  end-of-pipe  controls,  such  as  catalysts,  undoubted¬ 
ly  have  gone  a  long  way  to  protect  air  quality  in  this  country,  the 
technical  difficulty  and  cost  of  further  improving  them  suggests 
that  further  long-term  reductions  in  mobile  source  emissions  may 
require  the  use  of  alternative  fuels  as  well  as  improved  control 
technologies.  These  fuels  include  ethanol,  liquid  propane  gas, 
hydrogen,  electricity,  compressed  natural  gas  (CNG),  reformu¬ 
lated  gasoline,  and  methanol.  The  last  two— CNG  and 
methanol — are  being  actively  pursued  in  various  states  and 
urban  areas  in  the  United  States. 

Compressed  Natural  Gas  (CNG) 

CNG  vehicles,  which  store  natural  gas  in  tanks  at  high  pressure, 
are  the  most  common  type  of  alternative-fuel  vehicles  on  the  road 
today.  Half  a  million  CNG  vehicles  are  in  operation  worldwide: 
300,000  in  Italy;  120,000  in  New  Zealand;  30,000  in  the  United 
States;  and  17,000  in  Canada.*^  Most  CNG  is  used  in  buses, 
delivery  vehicles,  and  government  fleets.  Natureil  gas  companies 
own  half  of  such  vehicles  in  use  in  the  United  States  today. 

CNG,  like  all  alternative  fuels,  has  various  advantages  and 
disadvantages.  While  existing  CNG-fueled  vehicles  are  relatively 
more  expensive  than  gasoline  or  methanol  vehicles,  this  cost 
could  be  offset  by  lower  fuel  and  maintenance  costs.  CNG-fueled 
vehicles  also  are  relatively  safer  than  gasoline  vehicles  in  cases  of 
tank  rupture.*®  On  the  other  hand,  current  CNG  vehicles  have  a 
limited  driving  range — about  200  miles — and  some  must  be 
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refueled  overnight.  In  addition,  the  current  generation  of  vehicles 
is  "dual-fueled,”  meaning  that  they  also  contain  a  gasoline  tank 
and  can  switch  back  and  forth  between  the  two  fuels.  Although 
this  feature  makes  them  more  convenient  to  drive,  the  emissions 
reductions  are  not  as  great  as  with  a  vehicle  "dedicated"  solely  to 
CNG.  For  example,  VOC  emissions  from  a  dual-fueled  system  are 
estimated  to  be  about  15  percent  higher  than  those  of  a  dedicated 
system.^ 


Methanol 

Far  fewer  vehicles  currently  use  methanol,  a  liquid  fuel  generally 
made  from  natural  gas.  Approximately  1,000  methanol  vehicles 
are  in  use  in  the  United  States  and  fewer  still  in  the  rest  of  the 
world,  although  the  number  is  growing  rapidly.^  The  California 
Energy  Commission  (CEC)  has  been  the  driving  force  in  the 
development  of  methanol  vehicles,  most  notably  with  its  pur¬ 
chase  of  506  methanol-powered  Ford  Escorts  in  1983.  Most  of 
those  cars  are  still  on  the  road,  and  the  fleet  has  accumulated 
nearly  20  million  miles. 

Virtually  all  of  the  methanol  vehicles  now  operating  run  on  a 
mixture  of  85  percent  methanol  and  15  percent  gasoline,  known 
as  M85.  They  are  often  "flexibly  fueled,"  meaning  that  they  can 
run  on  M85,  gasoline,  or  any  combination  of  the  two.  Because 
methanol-fueled  vehicles  are  expected  to  be  relatively  inexpen¬ 
sive  when  mass  produced,  offer  higher  performance,  and  use  a 
liquid  fuel,  potential  consumer  acceptance  is  judged  to  be  much 
greater  than  CNG  for  use  in  passenger  cars. 

However,  methanol  presents  several  drawbacks.  Supplies 
necessary  to  fuel  large  numbers  of  vehicles  are  not  available 
without  construction  of  new  plants.  Modifications  would  have  to 
be  made  to  materials  in  vehicles  and  filling  stations,  since 
methanol  destroys  some  plastics,  metals,  and  lubricants. 
Methanol  is  also  highly  toxic  if  ingested. 
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Potential  for  Reducing  Emissions 

Based  on  the  most  recent  estimates  made  by  EPA,^  the  next 
generation  of  methanol  and  CNG-fueled  vehicles  has  substantial 
potential  for  reducing  air  pollutants.  Rather  than  being  flexible- 
fueled,  those  vehicles  would  be  designed  for  the  dedicated  use  of 
CNG  or  pure  methanol,  called  MIOO.  Comparing  dedicated-use 
vehicles  with  automobiles  that  meet  California’s  current  emis¬ 
sions  limits,  the  most  stringent  in  the  nation,  EPA  estimates  the 
following  effects  on  emissions: 

•  Total  hydrocarbons  that  react  in  the  atmosphere  to  form 
ozone  could  be  reduced  by  80  percent  for  MIOO  vehicles 
and  80-93  percent  for  CNG  vehicles. 

•  Total  reduction  in  various  carcinogenic  air  toxics  also 
could  be  reduced  substantially.  For  example,  benzene 
could  be  reduced  by  80  percent  for  MIOO  vehicles  and  by 
98  percent  for  CNG  vehicles.  Other  toxics,  such  as 
particulate  organics,  could  be  reduced  more  than  99 
percent  using  either  type  of  fuel.  While  MIOO  could 
increase  formaldehyde  emissions  at  the  tailpipe  by  200 
percent,  formaldehyde  as  formed  in  the  atmosphere 
could  be  cut  by  80  percent  by  either  fuel.  In  total,  EPA 
estimates  that  methanol  and  CNG  could  reduce  the 
cancer  incidence  linked  to  such  air  toxics  by  more  than 
85  percent. 

Emissions  tradeoffs  between  MIOO  and  CNG  vehicles  are 
compounded  by  other  challenges  peculiar  to  the  fuels  or  vehicles. 
For  example,  researchers  are  investigating  MlOO’s  need  for  a 
cold-weather  starter  and  additives  to  give  it  odor,  color,  and 
luminosity.  Only  a  small  number  of  MIOO  prototypes  have  been 
built,  and  they  are  at  a  very  early  stage  of  development. 


Challenges  and  Opportunities 

The  chedlenges  in  energy  and  transportation  include  the  pursuit 
of  new  technological  advances  that  will  offer  consumers  more 
choices  to  help  conserve  resources. 
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Energy  Conservation 

Opportunities  to  advance  pollution  prevention  through  energy 
conservation  are  still  plentiful.  The  rate  and  degree  to  which 
those  opportunities  are  grasped  hinges  largely  on  whether  or  not 
adequate  incentives  exist. 

For  example,  opportunities  for  utilities  to  conserve  energy 
will  expand  if  there  are  incentives  to  invest  in  demand-side 
management  programs.  Some  utilities  now  are  being  allowed  to 
make  profits  from  energy  conservation  investments  as  they  do 
now  from  investments  in  additional  capacity.  California  has 
adopted  innovative  regulations  that  sever  the  link  between 
utility  energy  sales  and  revenues  as  a  means  to  encourage  such 
demand-side  management  strategies.^^  Wisconsin,  Maine,  and 
New  York  also  have  developed  incentive  mechanisms  to  overcome 
barriers  to  conservation  programs.  At  least  10  states  have  re¬ 
quired  utilities  to  implement  programs  for  "least-cost  planning," 
in  which  utilities  determine  whether  energy  efficiency  measures 
can  supply  consumers  with  services  equivalent  to  those  provided 
by  new  generating  capacity  and  at  lower  cost.^® 

Alternative  Fuels 

Clearly,  pollution  prevention  efforts  through  the  use  of  alterna¬ 
tive  fuels  hold  enormous  potential  for  the  future.  Their  use  can 
reduce  pollutants,  such  as  volatile  organic  compounds,  but  in 
some  cases,  they  can  increase  other  pollutants.  Tradeoffs  in  terms 
of  emissions  reductions,  system  costs,  and  feasibility  for 
widespread  use  are  complex  and  not  fully  understood. 

Experience  in  other  countries  using  CNG  vehicles  has  shown 
that  government  support,  in  the  form  of  research  and  develop¬ 
ment  as  well  as  economic  incentives,  has  helped  to  spur  adoption 
of  alternative-fuel  vehicles.  In  this  country.  Congress  passed  the 
Alternative  Motor  Fuels  Act  (AMFA)  in  1988  to  encourage  the 
adoption  of  alternative  fuels.  The  Act  allows  auto  companies 
building  alternative-fuel  vehicles  to  take  a  credit  on  their  Cor¬ 
porate  Average  Fuel  Efficiency  (CAFE)  standards.  It  also 
authorizes  DOE  to  spend  $18  million  over  four  years  to  fund  al¬ 
ternative  fuels  demonstration  programs.^®  In  addition,  EPA  and 
DOE,  working  through  the  Alternative  Fuels  Commission  estab- 
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lished  by  AMFA,  will  evaluate  the  health,  ecological,  and  welfare 
benefits  associated  with  switching  to  alternative  fuels.^ 


Agriculture 


Since  the  1940s  the  agricultural  industry  has  tended  to  sub¬ 
stitute  relatively  less  expensive  inputs  for  labor  and  machinery. 
These  inputs  include  energy,  chemical  fertilizers  and  pesticides, 
irrigation,  antibiotics  and  hormones,  and  sophisticated  products 
from  plant  genetics  and  technology.  Productivity  has  increased 
significantly,  allowing  fewer  farmers  to  produce  more  output  than 
ever  before,  but  it  has  become  clear  that  many  of  these  intensive 
practices  produce  serious  environmental  side  effects: 

•  Nearly  two-thirds  of  the  surface  water  quality  problems 
caused  by  sediment  runoff  is  attributed  to  agriculture.®^ 
Damages  from  cropland  soil  erosion  alone  have  been 
estimated  at  $3.2  billion  a  year.®^ 

•  Groundwater  supplies  are  increasingly  affected  by 
agricultural  chemicals.  Recent  monitoring  samples 
detected  46  pesticides  attributed  to  agricultural  use  in 
the  groundwater  of  26  states.®® 


Pollution  Control 

Traditional  environmental  policy  in  agriculture  has  relied  almost 
exclusively  on  voluntary  practices  and  programs  to  reduce  soil 
erosion,  including  the  use  of  cost-sharing  incentives  for  soil  con¬ 
servation.  Several  inherent  characteristics  of  the  agricultural 
sector  contribute  to  the  voluntary  approach:  (1)  the  large  number 
of  farms,  about  2.1  million;  (2)  the  diversity  of  farm  operations, 
such  as  various  crops  and  livestock,  compounded  further  by  vary¬ 
ing  conditions  of  climate,  soil,  water  resources,  and  topography; 
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(3)  the  "nonpoint"  nature  of  erosion  and  agrichemical  runoff, 
which  makes  it  difficult  to  identify  exact  sources  of  pollution  and 
to  remedy  pollution  problems;  and  (4)  the  perception  that  farmers 
lack  adequate  economic  incentives  to  undertake  conservation 
practices  that  may  3rield  benefits  only  in  the  long  term,  such  as 
improved  soil  productivity,  or  to  other  parties,  such  as 
downstream  users. 

Some  soil  conservation  measures  both  prevent  pollution  and 
control  it.  For  example,  field  terraces  control  erosion  by  retaining 
sediment  already  displaced  above  the  terrace.  At  the  same  time, 
terraces  also  help  prevent  erosion  by  retarding  the  rate  at  which 
rainfall  flows  over  a  field.  Grassy  strips  lining  a  streambank,  in 
contrast,  do  not  prevent  erosion,  but  they  do  help  prevent  the  pol¬ 
lution  of  water  from  sediment  and  agrichemicals.  Measures  such 
as  conservation  tillage  help  prevent  erosion,  but  they  can  present 
tradeoffs  in  the  form  of  increased  use  of  pesticides  to  control 
weeds  and  insects. 

This  traditional  emphasis  on  voluntary  action  shifted  to 
some  extent  with  passage  of  the  1985  Food  Security  Act.  Title  XII, 
in  particular,  incorporated  an  unprecedented  system  of  incen¬ 
tives  and  penalties  to  help  address  growing  concern  over 
agriculture’s  impact  on  the  environment  at  large.  Water  pollution 
and  degradation  of  fish  and  wildlife  habitat  are  just  two  examples 
of  these  "off-site"  impacts. 

Several  of  the  Title  XII  programs  help  to  prevent  pollution, 
because  they  constrain  activities  that  would  result  in  erosion  and 
related  pollution  problems.  However,  they  do  so  by  taking  exist¬ 
ing  or  potential  cropland  out  of  production  altogether.  For  ex¬ 
ample,  the  Conservation  Reserve  Program  has  converted  nearly 
34  million  acres  of  cropland  to  long-term  vegetative  cover  for  10- 
year  contract  periods  in  exchange  for  annual  payments  and  cost¬ 
sharing  assistance  to  establish  cover  and  other  practices. 
Sodbuster  provisions  prohibit  cropping  on  designated  lands 
without  approved  conservation  plans  under  penalty  of  forfeiting 
federal  commodity  program  pa3nnents.  Swampbuster  provisions 
prohibit  conversion  of  designated  wetlands  to  produce  crops. 
Thus,  these  three  programs  do  not  focus  on  preventing  wastes 
through  more  efficient  agricultural  practices. 
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Recent  developments,  however,  are  encouraging  a  pollution 
prevention  approach  in  agriculture — primarily  through  the 
reduction  of  agricultural  inputs.  The  developments  include  (1) 
growing  public  concern  for  the  amount  of  chemicals  in  food  sup¬ 
plies  and  in  the  environment  in  general;  (2)  an  accumulation  of 
research  findings  and  case  studies  pointing  to  the  benefits  of 
low-input  agricultural  methods;  (3)  increasing  costs  of  pesticides 
as  well  as  restrictions  on  specific  pesticides  as  a  result  of  the 
EPA  accelerated  pesticide  registration  process;  (4)  increasing 
resistance  of  insects  to  pesticides;  and  (5)  an  expanding  number 
of  federal  and  state  programs  aimed  at  researching  and 
demonstrating  the  effects  of  low-input  agriculture.  While  some 
farmers  have  always  used  pollution  prevention  practices,  the  in¬ 
centives  described  above  are  encouraging  expanded  applications. 

Referred  to  variously  as  "alternative"  or  "sustainable" 
agriculture,  low-input  sustainable  agriculture  (LISA)  has  poten¬ 
tial  for  reducing  environmental  damages  associated  with  inten¬ 
sive  agricultural  practices.  The  LISA  goals  are  consistent  with 
the  concept  of  pollution  prevention:  to  conserve  resources,  reduce 
environmental  damages,  and  promote  food  safety  while  being 
productive  and  profitable  for  the  farmer.  To  accomplish  these 
goals,  LISA  uses  a  combination  of  methods  tailored  to  the  needs 
of  each  crop  and  farm.  Low-input  agricultural  practices  include 
crop  diversification,  integrated  pest  management,  crop  rotations, 
use  of  animal  manure  and  leguminous  crops,  mechanical  cultiva¬ 
tion,  cover  crops,  strip  cropping,  alternative  animal  disease 
prevention  strategies,  and  a  variety  of  other  measures. 

The  Administration’s  1991  budget  proposals  include  a  $28 
million  increase  devoted  to  the  U.S.  Department  of  Agriculture’s 
efforts  to  better  understand  the  causal  linkage  between  produc¬ 
tion  practices  and  water  quality  degradation.  Protection  of  the 
nation’s  water  resources  from  contamination  by  agricultural 
chemicals  and  nutrients  is  a  key  priority  of  the  Administration. 
The  1991  budget  funds  the  second  year  of  a  Water  Quality  Initia¬ 
tive  proposed  by  the  President  to  promote  the  development  and 
adoption  of  environmentally  sensitive  farm  production  practices 
and  safer  chemical  and  biological  pest  controls.  In  total,  the 
budget  provides  over  $300  million  for  this  purpose. 
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Ultimately,  farmers  must  be  responsible  for  changing 
production  practices  to  avoid  contaminating  ground  and  surface 
waters.  Federal  and  state  governments  can  provide  valuable  in¬ 
formation  and  technical  assistance  to  producers,  however,  so  that 
such  environmentally  sensitive  techniques  can  be  implemented 
at  minimum  cost.  The  proposed  increase  in  the  FY  1991  budget 
will  allow  the  Soil  Conservation  and  Extension  Services  to  ex¬ 
pand  their  efforts  to  transfer  to  farmers  scientific  information 
about  the  vulnerability  of  natural  resources  to  chemical  pollu¬ 
tion.  Demonstration  projects  targeted  to  particularly  environ¬ 
mentally  sensitive  geographic  regions  will  receive  the  highest 
priority.®^ 


Potential  of  Low-Input  Agriculture 

Much  of  the  discussion  of  EISA’s  merits  can  be  attributed  to  a 
1989  National  Academy  of  Sciences  report  entitled  Alternative 
Agriculture.  While  findings  were  based  on  selected  case  studies 
rather  than  systematic  research,  the  authors  were  nonetheless 
enthusiastic  about  the  potential  of  LISA,  reporting  that: 
"Farmers  successfully  adopting  these  systems  generally  derive 
significant  sustained  economic  and  environmental  benefits, 
^der  adoption  of  proven  alternative  systems  would  result  in 
even  greater  economic  benefits  to  farmers  and  environmental 
gains  for  the  nation."®®  One  NAS  case  study  is  highlighted  below 
to  illustrate  the  use  of  alternative  practices. 

An  Iowa  farming  couple  grow  corn,  soybeans,  oats,  and  hay 
on  their  300-acre  farm,  in  addition  to  raising  livestock.  The  fami¬ 
ly  has  experimented  with  a  variety  of  LISA  methods  over  the 
years.  For  example,  because  ridge  tillage  and  mechanical  cultiva¬ 
tion  are  used  to  control  weeds,  herbicides  are  rarely  used.  Some 
techniques  have  multiple  benefits.  Cover  crops  control  weeds  and 
protect  the  soil;  soil  erosion  on  the  farm  is  1-4  tons/acre/year 
(tpa),  compared  to  a  county  average  of  8-10  tpa.  Crop  rotations 
also  control  insects  and  improve  3delds.  For  example,  the  farm 
yields  130-150  bushels/acre  of  com  (versus  the  county  average  of 
124)  for  $75/acre  less  than  the  conventional  farm.  Using  an  as¬ 
sortment  of  methods,  the  family  is  able  to  raise  healthy  cattle  and 
hogs  with  little  use  of  antibiotics.®® 
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Field  Monitoring  in  Low-Input 
Agriculture 

Careful  monitoring  of  field  conditions  is  a  tool  in  the  cost-effective 
reduction  of  overall  applications  of  fertilizers,  pesticides,  and  ir¬ 
rigation  water.  For  example,  soil  tests  can  be  used  to  determine 
which  fields  need  fertilizers  and  at  what  levels.  "Scouting"  for 
threshold  levels  of  pests  is  the  monitoring  device  used  in  in¬ 
tegrated  pest  management  (IPM).  Rather  than  spra3dng  as  a 
preventative  measure  or  upon  first  observation  of  a  pest,  chemi¬ 
cals  are  used  only  when  the  potential  damage  of  a  pest  exceeds 
the  cost  of  appl3dng  the  pesticide. 

Benefits  from  irrigation  ef!icien(y  extend  far  beyond  conserv¬ 
ing  scarce  water  supplies — a  magor  advantage  in  itself  for  many 
regions.  Irrigation  runoff  can  contaminate  wetlands  and  water¬ 
ways  with  damaging  concentrations  of  salt,  pesticides,  and 
various  toxic  elements,  such  as  cadmium  and  selenium  that  occur 
naturally  in  desert  soils.  Such  pollution  problems  have  increased 
significantly  in  tandem  with  the  doubling  of  farmland  under  ir¬ 
rigation  since  1945. 

A  3-year  demonstration  project  sponsored  by  INFORM 
tested  the  potential  of  one  method  to  conserve  irrigation  water  in 
California.  Small  electronic  devices,  called  gypsum  blocks,  were 
used  to  monitor  increases  in  soil  moisture  caused  by  irrigations 
and  decreases  caused  by  crop  water  consumption.  Project  par¬ 
ticipants  found  the  costs  for  gypsum  blocks  and  labor  amounted 
to  about  $2  per  acre.  Resulting  benefits  from  lower  water  and 
energy  costs  and  improved  yields  were  found  to  amount  to  $50  or 
more  per  acre.  As  noted  by  the  researchers: 

Sometimes  the  gains  from  using  the  method  can  he 
spectacular:  An  INFORM  test  on  one  strip  of  a  160-acre 
alfalfa  field  indicated  that  by  using  about  30  percent  less 
water  on  the  entire  field  the  farmer  could  have  earned  $20,000 
or  more  in  higher  hay  yields  alone^^ 
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Federal  and  State  Programs  to  Promote 
Low-Input  Agriculture 

Various  federal  and  state  programs  testify  to  the  surge  of  interest 
in  low-input  sustainable  agriculture.  The  1985  Farm  Bill 
authorized  for  the  first  time  a  grant  program  specifically  for 
LISA-related  research  and  education.  Congressional  appropria¬ 
tions  thus  far  amount  to  $3.9  million  in  FY  1988  and  about  $4.4 
million  per  year  in  FY  1989  and  FY  1990  to  fund  projects. 

One  project,  costing  about  $200,000  in  federal  and  matching 
funds,  investigates  the  possibility  of  substituting  legume  crops  in 
place  of  fallow  cropland  in  Great  Plains  wheat  production.  Grow¬ 
ing  legumes  with  grains  in  humid  areas  has  been  shown  to  reduce 
soil  erosion,  fix  atmospheric  nitrogen,  reduce  pesticide  and  fer¬ 
tilizer  inputs,  reduce  weed  competition,  and  increase  net  return 
per  acre.  However,  traditional  legumes  have  not  been  popular  in 
semi-arid  conditions,  because  they  compete  for  water  needed  by 
the  next  wheat  crop.  The  project  is  investigating  alternative 
species  that  need  less  water.®® 

Integrated  Pest  Management  (IPM)  programs  in  the  U.S. 
Department  of  Agriculture  have  a  much  longer  history  than 
LISA.  The  Extension  Service  received  its  first  $500,000  IPM  ap¬ 
propriation  in  1972,  largely  in  response  to  the  environmental  con¬ 
cerns  raised  in  Rachel  Carson’s  landmark  book.  The  Silent 
Spring.  Funding  gradually  increased  to  a  peak  of  $7.5  million  in 
FY  1981,  and  it  has  since  continued  at  about  7.1  million  per  year. 
The  success  of  IPM  in  the  1980s  is  attributed  largely  to  the 
proven  economic  benefits  accruing  to  many  farmers.®® 

In  1987  the  Appropriate  Technology  Transfer  for  Rural  Areas 
(ATTRA)  program  initiated  a  toll-free  service  (800-346-9140)  to 
provide  information  on  low-input  sustainable  agriculture.  The 
service  is  receiving  increasing  numbers  of  inquiries,  with  a  total 
of  about  9,000  calls  received  to  date.®® 

States  also  are  undertaking  initiatives  to  explore  and 
demonstrate  the  potential  for  low-input  agriculture.  A  prime  ex¬ 
ample  is  found  in  Iowa,  where  legislation  enacted  in  1989 
authorizes  at  least  five  model  farm  demonstration  projects  across 
the  state.®^  While  all  projects  are  intended  to  implement  in- 
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tegrated,  efficient  farm  management,  each  will  be  tailored  to  ad¬ 
dress  special  problems  or  characteristics  of  its  region.  For  ex¬ 
ample,  a  project  in  southeast  Iowa  will  focus  on  conservation 
tillage;  another  in  the  south-central  part  of  the  state  will  focus  on 
forage  management.  In  total,  nearly  200  farms  will  participate  in 
the  demonstration  program,  and  an  aggressive  information  pro¬ 
gram  is  intended  to  reach  nearly  140,000  farms. 


Challenges  and  Opportunities 

Despite  the  recent  changes  made  in  agricultural  policy,  govern¬ 
ment  programs  still  appear  to  create  barriers  to  the  adoption  of 
alternative  agricultural  methods.  In  particular,  federal  com¬ 
modity  support  programs  are  based  on  the  amount  of  acreage 
devoted  to  particular  crops,  such  as  corn,  soybeans,  and  cotton. 
This  tends  to  discourage  crop  rotations  or  the  planting  of  a  mix  of 
crops  that  would  help  reduce  soil  erosion  and  the  use  of 
agrichemical  inputs.  Various  proposals  being  discussed  for  fu¬ 
ture  farm  legislation  could  help  remove  this  disincentive  by  link¬ 
ing  receipt  of  commodity  support  payments  to  total  program  crop 
acreage  instead  of  to  production  of  particular  crops. 

Low-input  sustainable  agricultural  practices  are  not  a 
panacea.  They  tend  to  substitute  time  and  management  skills  for 
intensive  inputs  such  as  agrichemicals.  This  goes  against  the 
trend  of  substituting  relatively  cheaper  chemically  intensive 
practices  for  expensive  labor  evident  over  the  past  several 
decades.  Price  changes  that  reflect  the  full  social  costs  of  chemi¬ 
cally  intensive  inputs,  together  with  technical  assistance  and  in¬ 
formation  on  the  benefits  of  alternative  practices,  may  be  needed 
to  help  reverse  this  trend. 

Low-input  practices  also  may  not  be  as  profitable  as  conven¬ 
tional  agriculture  practices,  especially  given  government  support 
programs,  and  transition  may  be  costly.  Environmental  effects 
from  low-input  practices  are  not  fully  understood  and  can  be  af¬ 
fected  by  certain  tradeoffs:  conservation  tillage  can  increase  the 
need  for  chemicals  to  help  reduce  weed  and  insect  problems;  use 
of  manure  can  contaminate  ground  and  surface  water  with 
nitrates  just  as  chemical  fertilizers  can;  and  IPM  scouting  prac- 
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tices  can  lead  to  use  of  substitute  pesticides  with  uncertain  or  dif¬ 
ferent  environmental  consequences.  Clearly,  an  urgent  need  ex¬ 
ists  for  more  research  on  these  types  of  tradeoffs  and  on  the 
economic  and  environmental  implications  for  widespread  adop¬ 
tion  of  alternative  practices  in  U.S.  agriculture. 


Households:  The  Consumer 


One  of  the  important  features  of  pollution  prevention  is  that  it 
works  in  all  sectors  of  the  economy  and  at  each  level  of  society.  Ac¬ 
tions  by  consumers  ultimately  determine  the  extent  to  which  pol¬ 
lution  prevention  is  incorporated  throughout  society.  Consumer 
demand  largely  determines  the  types  and  quantities  of  products 
made;  consumer  choices  and  lifestyle  decisions  also  affect  land 
use  patterns,  how  much  energy  is  consumed,  and  what  wastes 
are  disposed  of  in  the  environment.  Public  attitudes  also  shape 
the  political  decisions  that  culminate  in  government  policy. 

The  effects  of  individual  actions  on  the  environment  are  well- 
documented.  For  example: 

■  Solid  waste.  Per  capita  generation  of  municipal  solid 
waste  has  increased  by  36  percent  from  1970  to  1986— 
from  3.22  pounds  per  day  to  3.58.®^  Although  strictly  com¬ 
parable  data  are  not  available,  estimates  place  the  U.S. 
per  capita  rate  about  one  pound  per  day  higher  than  that 
of  West  Germany. 

■  Vehicles.  The  per  capita  number  of  miles  driven  in 
vehicles  each  year  has  increased  sharply  since  1970.  While 
the  total  U.S.  population  grew  by  about  22  percent  from 
1970  to  1989,  the  number  of  vehicles  increased  by  about  56 
percent  and  the  number  of  vehicle  miles  traveled  increased 
by  about  48  percent. 
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Pollution  Prevention  at  Home 

At  least  two  msgor  routes  to  pollution  prevention  are  possible  in 
the  household  sector:  (1)  changes  in  the  toxicity  of  materials  or  in 
the  efficiency  of  the  goods  and  services  purchased;  and  (2)  chan¬ 
ges  in  consumption  or  usage  patterns  of  those  goods  and  ser¬ 
vices.  With  respect  to  energy  conservation,  for  example,  indivi¬ 
duals  can  choose  to  purchase  high-efflciency  products  or  use 
energy-consuming  goods  less  frequently.  Individuals  can  pur¬ 
chase  fuel-efficient  vehicles  or  switch  to  alternative  fuels  if  aveul- 
able;  they  also  can  use  mass  transit  or  take  other  actions  to 
reduce  the  number  of  miles  driven.  In  many  instances,  of  course, 
individuals  can  exercise  some  combination  of  these  options. 

Individual  consumers  also  can  help  determine  how 
profitable  pollution  prevention  alternatives  will  be  to  producers. 
In  short,  pollution  prevention  in  the  household  sector  pivots  lar¬ 
gely  on  the  extent  to  which  the  marketplace  encourages  products 
and  services  that  help  improve  the  environment.  In  this  sense, 
"marketplace"  is  not  restricted  to  manufactured  goods,  but 
covers  other  types  of  economic  activity  such  as  land  use  develop¬ 
ment  patterns. 

Use  and  disposal  of  materials  presents  pollution  prevention 
opportunities  at  home.  Household  managers  can  reduce  the 
toxicity  of  substances  introduced  to  landfills  or  wastewater  by 
substituting  less  hazardous  products  or  properly  disposing  of 
hazardous  products,  such  as  pesticides,  solvents,  motor  oil,  and 
paints.  Materials  sent  to  landfills  or  incinerators  can  be  reduced 
through  better  production  selection  and  active  recycling  of  paper, 
glass,  aluminum,  plastics,  oil,  and  yard  wastes. 


Consumer  Attitudes  and  the  Marketplace 

Public  concern  and  support  for  environmental  quality  have  never 
been  stronger,  according  to  recent  polls  and  surveys.  One  of  the 
most  widely  cited  polls,  for  example,  finds  that  80  percent  of  the 
people  polled  agreed  that  "protecting  the  environment  is  so  im¬ 
portant  that  requirements  and  standards  cannot  be  too  high,  and 
continuing  environmental  improvements  must  be  made  regard- 
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less  of  cost."®®  Likewise,  a  recent  Gallup  survey  found  that  about 
39  percent  of  Americans  strongly  identify  themselves  as  environ¬ 
mentalists.®* 

The  most  direct  indicator  of  consumer  behavior,  however,  is 
to  observe  choices  actually  made  in  the  marketplace.  The  recent 
reaction  against  the  use  of  Alar,  for  example,  clearly  demon¬ 
strates  the  market  force  that  can  be  wielded  when  food  safety  is 
questioned.  Public  concern  over  pesticide  residues  is  creating 
such  a  broad  market  for  pesticide-free  produce  that  demand  has 
outstripped  supplies.  And  although  only  one  percent  of  U.S. 
produce  is  organically  grown  today,  experts  predict  a  rapid  in¬ 
crease  to  perhaps  as  much  as  10  percent  by  the  year  2000.®®  Sig¬ 
nificantly,  consumers  are  demanding  such  products  despite  their 
higher  prices  in  current  markets. 

Producers  today  view  public  demands  for  a  cleaner  environ¬ 
ment  as  strong  stimuli  for  the  pollution  prevention  strategies 
they  are  undertaking.  For  example,  Procter  and  Gamble  recently 
began  test-marketing  a  product — a  concentrated  fabric  sof¬ 
tener — with  the  following  environmental  claim:  "Better  for  the 
Environment  .  .  .  Less  Packaging  to  Throw  Away."  The  con¬ 
centrate  when  mixed  with  water,  makes  about  three  times  as 
much  softener.  The  package  is  75  percent  smaller  and  costs 
about  10  percent  less  than  the  regular  product.®® 

Public  Sector  Responses  and 
Initiatives 

Federal,  state,  and  local  governments  are  sponsoring  pollution 
prevention  programs,  and  initiatives  at  each  level  offer  distinct 
advantages. 


Federal  Agencies 

Creation  of  an  EPA  Pollution  Prevention  Office  in  1988  signaled 
the  agency’s  formal  commitment  to  supplement  vigorous  enforce¬ 
ment  of  environmental  laws  with  a  broad-based  pollution  preven- 
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tion  strategy.  The  agenda  of  the  Pollution  Prevention  Office  in¬ 
cludes  the  following  objectives:  (1)  ensuring  that  pollution 
prevention  concepts  are  incorporated  into  every  feasible  aspect  of 
internal  EPA  decisionmaking  and  planning;  (2)  providing  finan¬ 
cial  and  technical  support  for  state  and  local  pollution  prevention 
programs;  (3)  developing  an  outreach  program  to  emphasize  the 
opportunities  for  and  benefits  of  pollution  prevention;  (4) 
developing  and  maintaining  a  multimedia  clearinghouse;  and  (5) 
collecting,  analyzing,  and  disseminating  data  to  target  oppor¬ 
tunities  and  evaluate  national  progress  in  pollution  prevention. 
Examples  of  EPA  accomplishments  to  date  include: 

■  A  2  percent  set-aside  of  EPA  FY  1991  contract  dol¬ 
lars  for  an  agency-wide  competition  for  innovative 
project  proposals.  Such  projects  include,  for  example,  a 
proposal  to  train  permit  writers  to  identify  and  incorporate 
multimedia  source  reduction  and  recycling  requirements 
into  media-specific  permits.  Another  project  will  use  enfor¬ 
cement  agreements  to  commit  violators  to  undertake  ap¬ 
propriate  source  reduction  or  recycling.  Still  another  will 
help  establish  university-based  centers  that  will  act  essen¬ 
tially  as  limited  extension  services  for  pollution  preven¬ 
tion. 

■  A  total  of  $7  million  in  state  grants  in  1990  for  mul¬ 
timedia  pollution  prevention  projects.  For  example, 
Michigan’s  "Source  Reduction  Intern  Program"  will  receive 
$240,000  from  EPA  to  train  state  environmental  person¬ 
nel,  graduate  students,  and  others  to  perform  waste  audits 
and  provide  technical  assistance  to  businesses.  Primary 
targets  will  be  small  and  medium-sized  electroplaters  and 
automobile  assembly  and  component  parts  plants.®^  EPA 
plans  to  award  an  additional  $6  million  in  state  grants  in 
1991. 

■  Sponsorship  of  a  series  of  waste  minimization 
workshops  across  the  country.  The  workshops,  which 
use  case  studies  to  teach  methods  for  identifying  pollution 
prevention  opportunities,  are  targeted  to  specific  in¬ 
dustries  such  as  chemical  manufacturing,  wood  preserv¬ 
ing,  textiles  finishing,  and  carpet  manufacturing.®®  Such 
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Case  Study:  Pollution  Prevention  in 
the  Department  of  Defense 

The  Department  of  Defense  (DOD)  generates  an  estimated  200,000  to 
500,000  tons  of  hazardous  wastes  a  year  including  solvents,  acids,  contaminated 
sludges,  and  heavy  metals.^^  Since  February  1987  DOD  has  been  implementing  a 
hazardous  waste  minimization  policy.  In  response,  each  of  the  major  waste 
generating  commands  within  DOD  has  established  50-percent  reduction  goals  in 
hazardous  waste  generation  by  1992. 

Although  some  of  the  department’s  waste  is  produced  in  the  manufacture  of 
explosives,  about  80  percent  results  from  maintenance,  including  cleaning,  paint¬ 
ing,  and  repair  work.^  The  potential  for  hazardous  waste  reductions  is  sig¬ 
nificant.  At  the  Naval  Torpedo  Station  in  Keyport,  Washington,  paint  finishes  on 
torpedoes  formerly  were  stripped  off  with  chemicals.  Switching  to  a  method  that 
blasts  the  paint  off  with  plastic  pellets  eliminated  use  of  hazardous  solvents  and 
3,500  gallons  of  hazardous  wastewater  each  week.  In  addition  to  saving  more 
than  $200,000  annually,  workers  are  not  exposed  to  hazardous  chemicals,  and 
energy  is  saved  due  to  lower  ventilation  requirements.^^  Similar  use  of  plastic 
media  blasting  to  strip  paint  from  aircraft  at  Hill  Air  Force  Base  in  Utah  is  es¬ 
timated  to  save  $2.8  million  annually  in  waste  disposal,  energy,  manpower,  and 
materials.^ 


efforts  reflect  the  EPA  philosophy  that  the  most  construc¬ 
tive  way  for  government  to  promote  pollution  prevention  is 
to  provide  waste  generators  with  information  and  assis¬ 
tance. 

■  Creation  of  an  information  clearinghouse.  It 
consists  of  four  components — a  reference  library,  a  hot¬ 
line  (1-800-424-9346),  an  electronic  bulletin  board,  and 
outreach  activities.  The  Electronic  Information  Ex¬ 
change  System  (EIES)  is  accessible  to  anyone  with  a  PC 
and  a  modem.  It  contains  case  studies,  a  calendar  of 
training  events  and  seminars,  a  directory  of  experts,  a 
bibliography  of  abstracts  and  publications,  and  descrip¬ 
tions  of  state  and  federal  activities.  EPA  has  donated  an 
EIES  system  to  the  United  Nations  Environment  Pro¬ 
gram  to  establish  an  international  network  of  EIES 
users. 
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■  Establishment  of  a  program  through  the  Office 
of  Research  and  Development  to  help  transfer 
waste  reduction  lessons  learned  in  various 
federal  agencies  to  the  private  sector.  A  series  of  as¬ 
sessments  and  demonstrations  are  being  conducted 
cooperatively  with  the  Departments  of  Defense  and 
Energy,  the  Department  of  Veterans  Affedrs,  the  Coast 
Guard,  and  other  federal  agencies. 


Interstate  and  Regional  Programs 

Two  interstate  efforts  illustrate  the  recent  surge  in  pollution 
prevention  across  the  country.  The  National  Roundtable  of  State 
Waste  Reduction  Programs  was  organized  in  1985  to  share  infor¬ 
mation  on  state  experiences  and  innovations.  Since  then,  mem¬ 
bership  has  grown  from  7  states  and  20  participants,  to  nearly 
40  state  members  and  200  participants  including  repre¬ 
sentatives  from  EPA,  Congress,  and  national  environmental 
groups.  The  Roundtable  now  serves  as  a  channel  of  communica¬ 
tion  between  federal  and  state  officials  and  as  a  key  player  in  the 
evolution  of  pollution  prevention  policy  at  the  federal  level. 

In  1988  the  Coalition  of  Northeast  Governors  (CONEG)  un¬ 
dertook  an  ambitious  program  to  reduce  municipal  waste 
problems  in  its  nine  states.’^  Drawing  on  the  technical  expertise 
of  a  broad-based  steering  committee,  CONEG  Governors  an¬ 
nounced  on  January  5,  1990,  legislative  proposals  to  ban  the  use 
of  lead,  cadmium,  mercury,  and  hexavalent  chromium  in  product 
packaging  that  is  manufactured  and  distributed  in  the  region. 


State  Programs 

At  least  35  states  have  developed  waste  reduction  programs 
since  New  York’s  original  effort  in  1981.  The  state  programs 
share  several  common  characteristics  and  trends,  despite  their 
diversity  in  organization,  funding,  and  operations.’^ 

Many  programs,  for  example,  grew  out  of  controversies  over 
the  siting  of  hazardous  waste  facilities.  Public  concern  over  the 
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amounts  of  hazardous  wastes  being  generated,  and  problems  in 
locating  suitable  disposal  sites,  were  stimuli  for  programs  to  help 
reduce  and  recycle  wastes.  While  many  programs  retain  an  em¬ 
phasis  on  hazardous  wastes,  as  well  as  re(7cling,  they  are 
broadening  gradually  to  include  more  multimedia  activities. 

States  are  beginning  to  secure  formal  legislative  mandates 
for  their  prevention  programs.  Newer  programs  also  are  more 
likely  to  be  located  within  a  regulatory  agency,  rather  than  within 
universities,  nonprofit  organizations,  other  state  agencies  such 
as  those  dealing  with  commerce,  or  nonregulatory  environmental 
organizations.  Some  states,  such  as  Massachusetts  and  North 
Carolina,  have  programs  in  different  agencies. 

However,  the  most  effective  structuring  of  pollution  preven¬ 
tion  programs  with  state  government  remains  an  issue  of  debate. 
For  example,  industries  may  be  more  reluctant  to  open  their 
records  to  staff  from  a  regulatory  agen(y  than  to  staff  without  en¬ 
forcement  responsibilities. 

Most  state  programs  emphasize  information  and  technical 
assistance  services  for  small  and  medium-sized  firms.  Four 
states — California,  Massachusetts,  North  Carolina,  and  Ore¬ 
gon — recently  have  required  industries  to  submit  documentation 
relating  to  pollution  prevention. 

The  t3rpes  of  innovative  pollution  prevention  programs  that 
states  are  undertaking  range  from  cooperative,  nonregulatoiy 
programs  to  legislative  measures  requiring  industries  to  develop 
and  carry  out  plans  for  reducing  use  of  toxic  substances. 

Minnesota's  Technical  Assistance 
Program  (MnTAP) 

Located  at  the  University  of  Minnesota,  MnTAP  offers  an  ac¬ 
claimed  student  intern  program  to  provide  assistance  to  small 
and  medium-sized  companies.’®  Participating  companies  select  a 
highly  qualified  engineering  or  chemistry  student  for  a  summer 
internship.  Under  the  supervision  of  assigned  program  and  in¬ 
dustry  personnel,  students  conduct  a  technical  audit  and  analysis 
of  options  tailored  to  a  specific  waste  reduction  problem.  Three  of 
the  past  four  projects  in  1989,  for  example,  focused  on  substitutes 
for  solvents  that  produce  chlorofluorocarbon  (CFG)  emissions. 
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The  MnTAP  program  exemplifies  pollution  prevention  ven¬ 
tures  that  benefit  all  participants.  The  business  is  helped  to 
reduce  harmful  wastes,  the  student  obtains  hands-on  experience, 
and  MnTAP  itself  gains  valuable  technical  information  to  share 
with  other  companies. 

In  a  different  kind  of  internship  program,  Tennessee  and 
Florida  have  employed  retired  engineers  to  assist  companies  with 
waste  reduction  efforts. 


North  Carolina's  Pollution 
Prevention  Program 

Established  in  1983  as  one  of  the  first  multimedia  waste  reduc¬ 
tion  programs,  the  program  organizes  and  sponsors  the  National 
Roundtable  of  State  Reduction  Programs  and  hosts  the  Southeast 
Waste  Reduction  Resource  Center.  The  program  functions  as  the 
state’s  lead  agency  for  waste  reduction,  coordinating  with  other 
boards,  agencies,  and  universities.  Beyond  the  various  workshops 
and  outreach  efforts,  the  program  offers  on-site  technical  assis¬ 
tance,  an  information  clearinghouse  with  more  than  3,000  publi¬ 
cations,  a  research  and  education  program,  and  demonstration 
grants.  In  addition,  it  facilitates  a  Governor’s  Award  for  Excel¬ 
lence  in  Waste  Reduction. 

Recent  legislation  considerably  bolsters  the  state’s 
capabilities  for  monitoring  waste  reduction  opportunities  and  ac¬ 
tivity.  Under  the  law’s  provisions,  businesses  of  any  size  or  type 
requiring  an  environmental  discharge  permit  must  document 
current  and  projected  source  reduction  and  recycling  as  part  of 
their  annual  fee  payment  process.  A  major  grant  from  EPA  will 
allow  detailed  inspection  of  monitoring  data  to  identify  local, 
state,  and  regional  trends  and  priorities  for  source  reduction. 


Legislation  passed  in  Oregon  and 
Massachusetts  in  1989 

Going  beyond  voluntary  reduction  efforts,  these  laws  mandate  in¬ 
dustrial  planning  to  reduce  the  use  of  toxic  chemicals.^®  Their 
provisions  include  (1)  language  that  places  highest  priority  on 
reduction  of  toxic  chemicals,  rather  than  off-site  recycling  or 
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waste  management;  (2)  a  multimedia  approach  that  avoids  trans¬ 
ferring  pollution  from  one  media  to  another;  (3)  a  requirement  for 
certain  industries  to  develop  reports  on  the  use  and  manufacture 
of  toxic  substances  and  to  develop  reduction  plans  and  perfor¬ 
mance  goals;  (4)  provisions  to  help  ensure  compliance  with  plan¬ 
ning  requirements;  (5)  expanded  technical  assistance  and 
research  programs;  (6)  measures  to  safeguard  the  privacy  of  in¬ 
dustrial  operations;  and  (7)  new  generator  fees  to  support  pro¬ 
gram  requirements  and  to  further  encourage  toxic  use  reduction. 

New  cross-media  structure  of  the 
Massachusetts  Department  of 
Environmental  Protection  (DEP) 

In  the  first  mqjor  reorganization  of  its  type  in  the  nation,  this  en¬ 
vironmental  regulatory  agency  has  revamped  its  conventional, 
media-based  program  structure,  including  air  pollution  and 
water  pollution,  to  one  that  treats  resources  and  industrial 
facilities  as  integrated  units. 

Three  main  DEP  bureaus  were  created  in  1989.  The 
Resource  Protection  Bureau  brings  together  programs  for  water 
pollution  control,  public  drinking  water,  and  wetlands,  allowing 
steiff  to  treat  water  as  an  integrated  resource.  A  Waste  Prevention 
Bureau  brings  together  hazardous  waste,  solid  waste,  air  quality, 
industrial  wastewater,  and  state  right-to-know  programs  to  con¬ 
solidate  all  aspects  of  permitting.  This  shift  from  "one  pipe  at  a 
time"  regulation  to  an  integrated  facility  context  is  instrumental 
in  preventing  the  transfer  of  wastes  from  one  media  to  another.  A 
Waste  Site  Cleanup  Bureau  contains  all  programs  needed  to 
manage  sites  already  contaminated  from  pollution. 

Agency  officials  are  enthusiastic  about  the  benefits  already 
apparent  from  a  reorganization  that  embodies  the  cross-media 
focus  of  pollution  prevention.  For  example,  officials  and  industry 
alike  are  hopeful  that  program  integration  will  pave  the  way  for 
regulatory  reform  that  will  simplify  and  coordinate  the  permit¬ 
ting  process.  The  DEP-industry  partnership  may  be  one  reason 
why  the  Toxics  Use  Reduction  Act  passed  the  Massachusetts 
legislature  without  a  single  vote  of  opposition. 
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Local  Initiatives 

Efforts  by  local  governments,  environmental  orgemizations,  and 
other  public  interest  groups  often  serve  as  the  impetus  for  state 
and  federal  programs.  For  example,  many  state  waste  reduction 
programs  grew  out  of  the  responses  to  local  controversies  on  the 
siting  of  hazardous  waste  facilities.  Several  examples  from 
California  and  other  states  demonstrate  this  point; 

■  Waste  Reduction  Audits.  Ventura  County  sent 
teams  of  inspectors  into  various  manufacturing  plants 
to  conduct  waste  reduction  audits  and  make  recommen¬ 
dations  to  company  officials.  From  1985  to  1987  the  pro¬ 
gram  resulted  in  an  estimated  70-percent  reduction  in 
the  volume  of  hazardous  waste  going  to  land  disposal.^^ 

A  follow-up  survey  produced  useful  information.  For  ex¬ 
ample,  managerial  resistance  to  new  waste  reduction 
techniques  and  lack  of  information  on  alternatives  were 
judged  to  he  major  obstacles  to  waste  reduction  initia¬ 
tives.’® 

■  Award  of  Excellence.  In  the  spring  of  1989,  Los  An¬ 
geles  Mayor  Tom  Bradley  presented  the  first  Mayor’s 
Award  of  Excellence  for  Outstanding  Achievement  in 
Pollution  Prevention  to  a  California  paint  company. 
Among  other  accomplishments,  the  award  recipient 
eliminated  an  annual  generation  of  1,000  tons  of  haz¬ 
ardous  waste  and  achieved  a  50-percent  reduction  in 
disposal  of  dirty  cleaning  solution  by  using  a  longer- 
lived  substitute  solution.  This  type  of  award  or  recogni¬ 
tion  program  is  being  used  increasingly  at  the  local  and 
state  level  to  provide  incentives  for  pollution  preven¬ 
tion. 

■  Proposition  65.  Notwithstanding  the  controversies 
surrounding  California’s  Proposition  65,  there  is  little 
doubt  that  this  voter  initiative  has  stimulated  discus¬ 
sion  of  pollution  prevention  as  a  way  for  businesses  to 
avoid  unanticipated  restrictions  on  their  waste  emis¬ 
sions  in  the  future. 
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■  Citizen  Initiatives.  Such  actions  are  powerful  tools 
for  bringing  potentially  recalcitrant  parties  to  the 
negotiating  table.  For  example,  Oregon  and  Mas¬ 
sachusetts  chapters  of  the  Public  Interest  Research 
Group  (PIRG)  were  instrumental  in  bringing  about  com¬ 
promise  legislation  for  toxic  use  reduction.  In  both 
states,  the  PIRGs  had  initiative  petitions  and  legisla¬ 
tive  proposals  underway  that  were  more  restrictive 
than  the  final  legislation  endorsed  by  all  sides. 

Finally,  public  involvement  in  pollution  prevention  has  been 
stimulated  at  the  local  level  through  implementation  of  Title  III 
of  the  Superfund  Amendments  and  Reauthorization  Act  (SARA), 
the  title  also  known  as  the  Emergency  Planning  and  Community 
Right-to-Know  Act.  Under  section  313,  companies  with  10  or 
more  employees  using  or  manufacturing  certain  quantities  of 
over  300  toxic  chemicals  were  required  to  file  TdxIc  Chemical 
Release  Inventory  (TRI)  forms  with  EPA  and  the  appropriate 
state  agency  by  July  1,  1988.  In  all,  74,000  reports  were  sub¬ 
mitted  by  more  than  19,000  facilities.  After  summary  reports  of 
the  resulting  data  were  released,  a  detailed  computerized  nation¬ 
al  inventory  was  made  available  to  the  public  in  June  1989. 

The  implications  for  increased  citizen  awareness  and  invol¬ 
vement  are  significant,  particularly  as  access  to  the  information 
becomes  readily  available  through  reports  and  computer  access. 
As  EPA  Administrator  William  Reilly  announced: 

The  public  has  played  a  major  role  in  environmental 
protection  in  the  past.  This  new  inventory  of  toxk  chemical 
releases  will  strengthen  the  citizen  role. . . .  Public  access  to 
these  crucial  data  is  a  breakthrough  that  will  facilitate  citizen 
involvement  in  assessing  the  risks  of  toxic  chemicals  and 
development  of  community  strategies  to  prevent  pollution.^ 
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January  30,  1990 


Within  10  days  of  taking  office,  the  new  Administra¬ 
tion  of  President  George  Bush  made  clear  its  com¬ 
mitment  to  the  international  environment.  Secretary  of  State 
James  A.  Baker  III,  in  opening  remarks  to  an  international 
meeting  to  discuss  global  climate  change,  quoted  President 
Bush: 

"We  face  the  prospect  of  being  trapped  on  a  boat  that 
we  have  irreparably  damaged — not  by  the  cataclysm  of  war, 
but  the  slow  neglect  of  a  vessel  we  believed  to  be  impervious 
to  our  abuse. " 

The  Secretary  of  State  made  four  points.  First,  the  na¬ 
tions  of  the  world  can  probably  not  afford  to  wait  until  all 
the  uncertainties  regarding  climate  change  have  been 
resolved  before  they  act.  Second,  while  scientists  refine  cur¬ 
rent  knowledge,  nations  should  focus  immediately  on  pru¬ 
dent  steps  that  are  already  justified  on  grounds  other  than 
climate  change.  These  include  reductions  in  chlorofluoro¬ 
carbon  (CFC)  emissions,  greater  energy  efficiency,  and 
reforestation.  Third,  whatever  global  solutions  to  climate 
change  are  considered,  they  should  be  as  specific  and  as 
cost-effective  as  possible.  And  fourth,  those  solutions  will  be 
most  effective  if  they  reconcile  the  transcendent  requirements 
for  both  economic  development  and  a  safe  environment. 

Those  words  not  only  announced  the  strong  commit¬ 
ment  of  the  new  Administration  to  the  environment,  but  they 
also  reflected  the  remarkable  international  progress  made 
over  the  last  20  years  to  protect  the  global  environment. 
There  is  now  worldwide  recognition  that  many  environmen¬ 
tal  problems  demand  international  solutions,  and  that  both 
problems  and  solutions  are  related  to  individual  behavior. 
Environmental  problems  are  now  addressed  cooperatively  by 
governments  at  the  highest  levels  and  within  a  growing  num¬ 
ber  of  international  organizations. 


CHAPTER  7 


International 

Issues 


Environmental  quality  is  an  important  component  of  foreign 
policy  today.  In  the  United  States  and  worldwide,  there  is 
heightened  sensitivity  to  local,  national,  and  international  ac¬ 
tions  that  can  affect  the  environment.  Without  adequate  interna¬ 
tional  environmental  management,  there  can  be  no  guarantee  of 
the  continued  availability  of  those  living  and  natural  resources 
necessary  to  sustain  populations,  communities,  and  nations. 

The  environment  is  now  viewed  by  many  from  the  perspec¬ 
tive  of  the  complex  ecosystems  that  support  life  on  the  planet.  As 
the  government  leaders  attending  the  1989  Paris  Economic  Sum¬ 
mit  stated: 

There  is  growing  awareness  throughout  the  world  of  the 
necessity  to  preserve  better  the  global  ecological  balance.  This 
includes  serious  threats  to  the  atmosphere,  which  could  lead 
to  future  climate  changes.  We  note  with  great  concern  the 
growing  pollution  of  air,  lakes,  rivers,  oceans  and  seas;  acid 
rain,  dangerous  substances;  and  the  rapid  desertification  and 
deforestation.  Such  environmental  degradation  endangers 
species  and  undermines  the  well-being  of  individuals  and 
societies.^ 

I  - 
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The  breadth  of  international  environmental  issues  spans 
concerns  as  diverse  as  air  quality,  water  quality,  ocean  dumping, 
climate  change,  protection  of  the  ozone  layer,  biological  diversity, 
the  export  of  hazardous  wastes,  international  trade,  and  econo¬ 
mic  development. 

Twenty  years  ago  the  first  annual  report  to  the  Congress 
from  the  newly  created  Council  on  Environmental  Quality  (CEQ) 
included  an  international  chapter  that  discussed  transboundary 
pollution  problems,  issues  that  remain  critically  important  today. 
It  stated: 

Environmental  problems  do  not  stop  at  national  frontiers, 
or  ideological  barriers.  Pollution  in  the  atmosphere  and  oceans 
taints  all  nations,  even  those  benignly  favored  by  geography, 
climate  or  natural  resources.  International  cooperation  is 
necessary  on  many  environmental  fronts  as  environmental 
effects  cannot  be  effectively  treated  by  unilateral  action  alone. 

Air  and  water  pollution  are  not  the  only  environmental 
problems  that  have  international  aspects.  Some  world 
resources  such  as  seabed  minerals  and  ocean  fish  can  be 
wisely  dealt  with  only  by  international  agreement.^ 

The  late  1960s  and  early  1970s  saw  a  growing  awareness  in 
the  United  States  and  elsewhere  that  pollution  and  exploitation 
of  natural  resources  were  linked  to  broader  economic  issues,  and 
that  urgent  environmental  problems  required  immediate  nation¬ 
al  attention.  Pollution  concerns  in  countries  outside  of  the  United 
States  included: 

•  Air  and  inland  water  pollution  in  the  United  Kingdom, 

•  Concern  over  the  integrity  of  water,  soil,  and  other 
natural  resources  in  the  Soviet  Union,  and 

•  Air  pollution  control  programs  in  Japan. 

Serious  pollution  problems  also  were  evident  in  developing 
countries  like  Singapore,  Indonesia,  Malaysia,  Yugoslavia,  Mex¬ 
ico,  and  countries  in  Central  and  South  America.  At  the  same 
time  there  was  increasing  recognition  that  certain  environmental 
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problems  do  not  respect  national  boundaries,  and  that  interna¬ 
tional  cooperation  would  be  required  to  address  such  problems. 

The  international  community  responded  by  establishing  en¬ 
tities  aimed  principally  at  environmental  protection.  For  ex¬ 
ample,  after  the  Stockholm  Conference  on  the  Human  Environ¬ 
ment  in  1972,  the  U.N.  General  Assembly  established  the  U.N. 
Environment  Program  (UNEP).  In  1970  the  Organization  for 
Economic  Cooperation  and  Development  (OECD)  established  an 
Environment  Committee  dedicated  to  harmonizing  policies  for 
international  environmental  policy.  In  1972  the  European  Com¬ 
munity  launched  its  first  action  program  for  the  environment. 

Since  the  Stockholm  Conference  in  1972,  a  growing  consen¬ 
sus  has  recognized  pollution  as  not  only  a  problem  in  need  of 
abatement  actions,  but  also  a  symptom  of  an  economic  develop¬ 
ment  approach  in  need  of  broad  economic  and  social  adjust¬ 
ments.  Environmental  issues  cannot  be  addressed  in  isolation 
from  problems  of  population  and  economic  development.  Econo¬ 
mic  and  trade  policies  are  significant  influences  on  human  be¬ 
havior,  and  they  can  contribute  directly  to  environmental 
degradation.  Human  and  natural  resource  management  must  be 
included  as  important  elements  of  economic  development. 

The  crescendo  of  environmental  concern  over  the  last  two 
decades  has  now  led  world  leaders  and  institutions  to  consider 
environmental  issues  in  terms  of  broad  national  and  internation¬ 
al  policies.  It  is  no  longer  unusued  for  nationtd  leaders,  alone  or 
in  concert,  to  speak  out  regarding  global  environmental  concerns 
and  press  for  actions  that  benefit  the  entire  world  and  not  simply 
a  single  sovereign  nation  or  region. 

In  retrospect,  it  is  not  surprising  that  at  the  end  of  the  1960s 
only  a  third  of  the  international  environmental  agreements  that 
exist  today  were  then  in  effect,  and  those  were  principally  ad¬ 
dressed  to  migratory  fish  and  game  or  to  prevention  of  ocean  pol¬ 
lution.  Few  science  and  technology  agreements  were  in  effect. 
The  international  sharing  of  scientific  and  technical  information 
then  did  not  compare  to  the  networks  of  scientists  and  organiza¬ 
tions  that  today  work  in  global  teams  linked  by  electronic  com¬ 
munications.  Similarly,  the  international  capacity  to  relate 
science  and  technology  with  economics  and  trade  and  to  under¬ 
stand  integrated  global  ecological  systems  has  been  vastly  in¬ 
creased. 
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It  is  difficult  to  overstate  the  extent  to  which  international 
environmental  cooperation  has  become  integrated  with  economic, 
trade,  science,  and  technology  issues,  and  the  panoply  of  other 
forces  that  bear  on  sound  environmental  practices  and  enhance 
living  conditions.  For  example,  international  scientific  organiza¬ 
tions  are  studying  pollutants  that  degrade  the  global  environ¬ 
ment,  and  they  are  developing  the  response  strategies  to  help 
protect  it.  Improved  scientific  understanding  of  complex  ecologi¬ 
cal  interrelationships  has  helped  to  blur  the  distinction  between 
international  and  domestic  concerns.  It  is  now  understood  that 
local  or  regional  economic  activities  may  have  serious  interna¬ 
tional  consequences  from  direct,  indirect,  or  cumulative  environ¬ 
mental  effects.  For  example,  economic  development  that 
contributes  to  a  loss  of  species,  even  within  a  relatively  small 
region  of  the  world,  may  have  broad  international  implications. 

The  past  decade  has  seen  the  growing  worldwide  acceptance 
of  the  concept  of  "sustainable  development"  as  the  basis  for  a 
more  rational  use  of  world  resources.  The  concept  has  broad  ap¬ 
peal.  No  longer  can  the  issues  of  economic  development  and  the 
environment  be  considered  independently.  Furthermore,  the 
economic  needs  of  developing  countries  are  being,  and  will  have 
to  be  increasingly,  addressed  by  international  organizations  and 
international  environmental  agreements.  For  example,  the  1987 
Montreal  Protocol  on  Substances  which  Deplete  the  Ozone  Layer 
made  allow£uices  for  the  needs  of  developing  countries.  Discus¬ 
sions  taking  place  today  within  the  U.N.  Intergovernmental 
Panel  on  Climate  Change  also  recognize  the  need  to  encourage 
developing  countries  to  adopt  newer,  more  environmentally 
sound  technologies. 

An  important  facet  of  economic  development  is  the  transfer 
of  technology,  in  the  form  of  both  information  and  materials.  The 
concept  of  sustainable  development  incorporates  the  notion  of 
stewardship  and  responsibility  to  future  generations,  and  it  calls 
on  industrialized  nations  to  encourage  and  assist  developing  na¬ 
tions  to  acquire  and  incorporate  newer,  environmentally  sound 
technology. 

The  international  environmental  movement  has  come  at  a 
time  of  significant  increase  in  international  free  trade.  Twenty 
years  ago  the  costs  of  pollution  control  were  sometimes  seen  as  a 
handicap  in  international  trade.  Countries  that  imposed  such 
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costs  would  be  at  a  competitive  disadvantage,  unless  internation¬ 
al  agreements  provided  a  level  playing  field.  As  the  1970  CEQ  An¬ 
nual  Report  stated; 

What  nations  do  to  clean  up  domestic  pollution  can  affect 
international  commerce.  The  cost  of  pollution  control  can 
chan^  the  competitive  position  of  a  nation's  industry.  And 
haw  nations  regulate  international  transportation  and 
imports  to  eliminate  sources  of  pollution  can  also  have 
profound  bearing  on  traded 

Yet  today  there  is  reason  to  believe  that  growth  in  free  trade 
and  improved  international  environmental  management  prac¬ 
tices  are  not  incompatible.  Expanded  international  markets  en¬ 
courage  participating  nations  to  sell  products  and  develop  tech¬ 
nologies  that  can  meet  international  standards  for  environmen¬ 
tal  safety. 

Since  1970  international  trade  has  grown  substantially,  as 
has  the  emphasis  on  regulations  controlling  the  import  and  ex¬ 
port  of  goods  that  are  not  considered  environmentally  safe.  Since 
standards  that  are  designed  to  protect  human  health  and  the  en¬ 
vironment  can  be  nontariff  barriers  to  trade  when  they  vary 
among  countries,  trading  partners  may  have  an  incentive  to 
develop  uniform  environmental  standards  and  to  adopt  similar 
data  requirements. 

In  some  instances,  however,  a  country  may  enforce  more 
stringent  environmental  standards  than  another  because  of  dif¬ 
ferences  in  natural  or  social  conditions.  For  example,  some  trade 
goods  can  pose  health  hazards  that  are  almost  impossible  to 
identify  anywhere  but  at  the  point  of  manufacture  and  certainly 
prior  to  export.  Thus,  for  example,  the  United  States  restricts 
the  export  of  certain  hazardous  materials.  U.S.  law  may  require 
either  notification  or  specific  acceptance  from  the  recipient 
country  prior  to  export  out  of  the  United  States. 

Similarly,  the  United  States  must  depend  upon  reliable  en¬ 
vironmental  controls  abroad  in  helping  avoid  the  import  of  goods 
that  pose  environmental  hazards.  The  concept  of  notification  and 
consent  by  importers  of  pesticides  and  hazardous  materials  has 
become  increasingly  accepted  in  the  last  several  years.  For  ex¬ 
ample,  the  Basel  Convention  uses  a  notification  and  consent 
scheme  to  control  transboundary  traffic  in  hazardous  and  other 
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wastes.  UNEP  and  the  U.N.  Food  and  Agriculture  Organization 
(FAO)  recently  have  adopted  nonbinding  prior  informed  consent 
schemes  in  the  areas  of  trade  in  chemicals  and  pesticides,  respec¬ 
tively.  OECD  also  has  developed  an  information  exchange  pro¬ 
gram.* 


Historical 

Perspective 

High-level  intergovernmental  conferences  addressing  a  range  of 
environmental  concerns  are  common  today.  However,  they  were 
without  precedent  in  1970.  The  1972  Stockholm  U.N.  Conference 
on  the  Human  Environment  was  the  first  such  meeting,  and  its 
organizers  had  to  establish  both  the  process  and  the  focus  for  an 
international  environmental  conference.  Yet  the  Stockholm  Con¬ 
ference  provided  for  the  international  community  a  statement  of 
environmental  concern  and  direction  comparable  to  that  demon¬ 
strated  in  the  United  States  by  enactment  of  the  National  En¬ 
vironmental  Policy  Act  of  1969. 

From  the  perspective  of  almost  20  years,  the  significance  of 
the  Stockholm  Conference  may  not  be  appreciated  fully.  Yet  in 
many  respects  the  conference  and  the  planning  process  that 
preceded  it  were  unique  at  the  time.  They  were  effective  in 
stimulating  both  environmental  awareness  and  international 
diplomatic  action. 

As  CEQ  stated  in  its  1985  annual  report: 

The  success  of  the  Stockholm  Conference  was  largely  due 
to  the  extensive  and  thorough  preparations  made  for  it.  Four 
Preparatory  Committee  meetings  as  well  as  a  range  of 
regiorml  and  scientific  gatherings  were  held.  International  and 
national  nongovernmental  organizations,  especially  the 
International  Union  for  the  Conservation  of  Nature  and 
Natural  Resources  and  the  International  Council  of  Scientific 
Unions  (ICSU),  helped  develop  declarations  and 
recommendations.^ 
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The  conference  had  its  origin  in  a  December  1968  U.N. 
General  Assembly  resolution,  a  Swedish  initiative,  calling  for  a 
world  conference  on  the  human  environment.  It  required  four 
years  of  development  by  a  27-nation  preparatory  committee.  At 
the  conference,  133  nations,  many  of  which  had  addressed  their 
own  environmental  issues  for  the  first  time  as  part  of  their 
preparation  for  the  conference,  agreed  upon  109  action  recom¬ 
mendations  and  issued  a  Declaration  on  the  Human  Environ¬ 
ment.^  That  Declaration,  in  effect  a  charter  of  fundamental 
environmental  rights  and  duties,  while  not  legally  binding,  still 
serves  as  a  basis  for  international  environmental  law.  Among 
other  things,  it  stated: 

The  protection  and  improvement  of  the  human 
environment  is  a  major  issue  which  affects  the  well-being  of 
peoples  and  economic  development  throughout  the  world;  it  is 
the  urgent  desire  of  the  peoples  of  the  whole  world  and  the 
duty  of  all  Governments. 

Man  has  a  special  responsibility  to  safeguard  and  wisely 
manage  the  heritage  of  wildlife  and  its  habitat,  which  are  now 
gravely  imperilled  by  a  combination  of  adverse  factors. . . . 

States  have,  in  accordance  with  the  Charter  of  the  United 
Nations  and  the  principles  of  international  law,  the  sovereign 
right  to  exploit  their  own  resources  pursuant  to  their  own 
environmental  policies,  and  the  responsibility  to  ensure  that 
activities  within  their  jurisdiction  or  control  do  not  cause 
damage  to  the  environment  of  other  States  or  of  areas  beyond 
the  limits  of  national  jurisdiction. 

States  shall  cooperate  to  develop  further  the  international 
law  regarding  liability  and  compensation  for  the  victims  of 
pollution  and  other  environmental  damage  caused  by 
activities  within  the  jurisdiction  or  control  of  such  States  to 
areas  beyond  their  jurisdiction.^ 

The  109  recommendations  of  the  Stockholm  Conference  can 
be  grouped  into  five  areas:  human  settlements,  natural  resources 
management,  pollutants,  education,  and  development.  The 
recommendations  were  submitted  to  and  approved  by  the  U.N. 
General  Assembly  at  its  1972  fall  session.  The  Declaration  noted 
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the  need  for  a  common  outlook  and  for  common  principles  to  in¬ 
spire  and  guide  all  nations  in  the  preservation  and  enhancement 
of  the  human  environment.  It  further  noted  that  a  growing  class 
of  environmental  problems,  because  they  were  regional  or  global 
in  extent  or  because  they  affected  common  international  resour¬ 
ces,  required  extensive  cooperation  among  nations  and  actions  by 
international  organizations  in  the  common  interest.^ 

A  key  result  of  the  conference  was  establishment  of  UNEP,  a 
permanent  U.N.  body  that  coordinates  international  environ¬ 
mental  activities.  Located  in  Nairobi,  Kenya,  UNEP  became  the 
first  U.N.  body  to  be  based  in  the  developing  world. 

The  concept  of  "human  environment"  was  especially  impor¬ 
tant.  In  contrast  to  previous  characterizations  of  the  natural  en¬ 
vironment  as  being  distinct  from  the  realm  of  human  needs,  the 
concept  of  "human  environment"  recognized  the  necessity,  espe¬ 
cially  in  the  developing  countries,  of  action  to  alleviate  over¬ 
population,  poverty,  and  hunger.  The  conference  motto,  "Only 
One  Earth,"  also  spoke  to  the  interdependence  of  species  and 
peoples.  Tb  some,  it  seemed  that  the  community  of  nations,  with 
new  concern  for  and  loyalty  to  the  planet,  was  moving  toward 
new  possibilities: 

But  possibly  it  is  precisely  this  shift  of  loyalty  that  a 
profound  and  deepening  sense  of  our  shared  and 
interdependent  biosphere  can  stir  to  life  in  us.  That  men  can 
experience  such  transformations  is  not  in  doubt.  From  family 
to  clan,  from  clan  to  nation,  from  nation  to  federation — such 
enlargements  of  allegiance  have  occurred  without  wiping  out 
our  earlier  loves.  Today,  in  human  society,  we  can  perhaps 
hope  to  survive  in  our  prized  diversity  provided  we  can 
achieve  an  ultimate  loyalty  to  our  single,  beautiful,  and 
vulnerable  planet  Earth.^ 

In  retrospect,  the  legacy  of  the  Stockholm  Conference  may  be 
considered  to  consist  of  a  number  of  elements.  These  include  in¬ 
volving  governments  aroimd  the  world  in  the  process  of  environ¬ 
mental  assessment  and  planning,  uniting  developed  and 
developing  nations  in  a  common  concern  for  the  planet,  encourag¬ 
ing  private  sector  participation  in  governmental  processes. 
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developing  a  list  of  environmental  priorities  and  principles,  es¬ 
tablishing  an  international  environmental  agency,  and  promoting 
a  number  of  mcgor  new  initiatives,  including  treaties  and  further 
international  conferences  to  address  problems  first  raised  at 
Stockholm. 

Stockholm  spawned  an  approach  to  environmental  issues 
through  large  U.N.-sponsored  international  conferences  that  ex¬ 
plored  special  concerns.  In  the  style  of  Stockholm,  these  meet¬ 
ings — which  solicited  broad  participation  by  governments  and 
nongovernmental  organizations — developed  action  plans  that 
highlighted  international  cooperation  through  international  or¬ 
ganizations.^®  In  the  1970s  and  1980s  the  U.N.  system  convened 
several  such  meetings,  including  treaty  negotiations.  (See  Table 
7-1.) 

Table  7-1. — Major  Specialized  Environmental  Conferences  Sponsored  by 
the  United  Nations,  1974-89. 


DATE 

CONFERENCE 

LOCATION 

1974 

World  Population  Conference 

World  Food  Conference 

Bucharest,  Romania 
Rome,  Italy 

1976 

Human  Settlements  Conference 

Vancouver,  Canada 

1977 

UNESCO/UNEP  Intergovernmental  Conference  on 
Environmental  Education 

U.N.  Water  Conference 

U.N.  Conference  on  Desertification 

World  Conference  on  the  Ozone  Layer 

Tbilisi,  USSR 

Mar  del  Plata,  Argentina 
Nairobi,  Kenya 
Washington,  D  C.,  USA 

1979 

Conference  on  Science  and  Technology  for 
Development 

Vienna,  Austria 

1981 

U.N.  Environment  Program  Senior  Officials  Meeting 
on  Environmental  Law 

Conference  on  New  and  Renewable  Sources  of 
Energy 

Montevideo,  Uruguay 

Nairobi,  Kenya 

1982 

U.N.  Environment  Program  Session  of  Special 
Character 

Nairobi,  Kenya 

1984 

U.N.  International  Conference  on  Population 

Mexico  City,  Mexico 

1985 

Vienna  Convention  on  the  Protection  of  the  Ozone 
Layer  Diplomatic  Conference 

Vienna,  Austria 

1987 

Montreal  Protocol  Diplomatic  Conference  on 
Protection  of  the  Ozone  Layer 

Montreal,  Canada 

1988 

Intergovernmental  Panel  on  Climate  Change 

Geneva,  Switzerland 

1989 

Basel  Convention  on  Transboundary  Movement  of 
Hazardous  Wastes  Diplomatic  Conference 

Basel,  Switzerland 

Stockholm  also  left  a  legacy  that  called  for  periodic  reexam¬ 
ination  of  environmental  issues.  A  20-year  anniversary  confer¬ 
ence  is  scheduled  for  1992  in  Brazil.  At  a  10-year  follow-up 
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conference  in  1982,  governments  from  105  countries  convened  in 
Nairobi,  Kenya.  The  Nairobi  conference  demonstrated  the 
maturation  of  global  environmental  awareness  and  a  greater 
recognition  of  the  importance  of  economic  development.  In  a 
chapter  describing  the  Nairobi  "Special  Session,"  the  CEQ  1982 
Annual  Report  stated: 

The  conference  revealed  that  over  the  last  decade  major 
shifts  had  taken  place  in  attitudes,  interest  and  priorities 
regarding  environmental  issues.  In  1972,  most  countries  were 
enjoying  relative  economic  well-being  and  stability.  The  mood 
at  Stockholm  was  upbeat,  with  attention  largely  focused  on 
control  of  air  and  water  pollution  and  protection  of  wildlife 
and  unique  ecosystems,  and  on  actions  that  governments 
could  take  in  these  areas.  The  backdrop  to  the  1982  conference 
was  quite  different.  Serious  economic  difficulties  and 
uncertainties  were  affecting  both  rich  and  poor  countries. 

Primary  interest  had  shifted  from  pollution  control  and 
resource  protection  to  "sustainable  development, "  a  concept 
embracing  economic  growth  and  environmental  quality  as 
"two  heads  of  the  same  coin. "  More  attention  was  paid  at  the 
Nairobi  conference  to  generating  action  at  the  local  rather 
than  at  the  national  level  and  by  engaging  greater 
participation  of  institutions  outside  government,  including 
business,  and  industry}^ 

The  1982  Nairobi  conference  reiterated  concerns  on  issues 
that  remain  important  today,  including: 

•  Atmospheric  problems  such  as  deteriorating  urban  air 
quality,  increased  carbon  dioxide  (CO2)  concentrations 
in  the  atmosphere,  and  depletion  of  stratospheric  ozone; 

•  Ocean  pollution  from  oil  and  other  substances; 

•  Surface  water  and  groundwater  contamination;  and 

•  Degradation  of  terrestrial  biota  and  bioproductive 
systems. 

The  "Nairobi  Declaration"  themes  included  the  need  for  en¬ 
vironmental  assessment  and  management  and  for  environmen¬ 
tally  sound  and  sustainable  socioeconomic  development.^^ 
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International 
Issues  Today 

The  environmental  issues  that  concern  the  world  today  are  being 
addressed  by  a  number  of  international  organizations  and  by  in¬ 
ternational  agreements  in  effect  between  and  among  nations. 


International  Organizations 

In  1989  international  organizations  represented  a  mtgor  voice 
for  the  environment.  These  organizations,  designed  to  transcend 
national  interests,  address  fundamental  economic  and  other  for¬ 
ces  that  influence  the  quality  of  the  human  environment.  Special 
environmental  units  of  international  organizations  have  been  es¬ 
tablished.  The  U.N.  Environment  Program,  for  example,  is  dedi¬ 
cated  solely  to  environmental  issues. 

Twenty  years  ago  these  dedicated  environmental  entities  did 
not  exist,  although  in  1970  an  array  of  international  organiza¬ 
tions  had  selective  involvement  in  environmental  issues.  In  fact, 
many  of  those  early  organizations,  shown  in  Table  7-2,  are  impor¬ 
tant  environmental  leaders  today.  Other  international  organiza¬ 
tions,  including  various  other  United  Nations  entities,  the  World 
Bank  Group,  and  the  regional  development  banks,  are  becoming 
increasingly  involved  in  the  environmental  impacts  of  their  ac¬ 
tivities.  Moreover,  other  regional  organizations  such  as  the  Or¬ 
ganization  for  Economic  Cooperation  and  Development  (OECD) 
and  the  European  Community  (EC),  have  created  environmental 
components  to  ensure  that  environmental  considerations  are  part 
of  their  organizational  considerations. 

Establishment  over  the  past  20  years  of  international  en¬ 
vironmental  organizations  reflects  a  global  maturation  of  a 
governmental  commitment  to  a  worldwide  approach  to  environ¬ 
mental  management.  These  international  organizations  seek  to 
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Table  7-2.— Environmental  Activities  of  International  Bodies,  1970. 

AGENCY 

PROGRAMS 

UNITED  NATIONS 

Economic  Commission  for  Europe 

Air  and  Water  Pollution  Control;  Urban 
Development 

Intergovernmental  Maritime  Consultative 
Organization  (International  Maritime 
Organization) 

Information  on  Oil  Spill  Control; 

Development  of  International  Controls 

Over  Marine  Pollution 

U.N.  Educational,  Scientific,  and  Cultural 
Organization 

Scientific  Studies  on  Changes  in 

Oceans;  Development  of  Man  and  the 
Biosphere  Program 

U.N.  Development  Program 

Resource  Surveys,  Conservation 

Projects,  Ecological  Studies,  Training 
Programs 

U.N.  Scientific  Committee  on  the  Effects 
of  Atomic  Radiation 

Technical  Reports  on  Levels  of  Natural 
and  Man-Made  Radioactivity  in  the 
Environment 

International  Labor  Organization 

Studies  and  Standards  for  Occupational 
Health 

World  Health  Organization 

Definition  of  Environmental  Standards  for 
Human  Health;  Identification  of 
Environmental  Hazards— Air,  Water, 

Soil,  and  Food  Pollution,  such  as 

Pesticides;  Study  of  Effects  of  Induced 
Changes  in  the  Environment,  such  as 

Rapid  Population  Changes,  Massive 
Migration,  Industrialization 

Food  and  Agriculture  Organization 

Conservation  Aspects  of  Soil,  Forests, 
and  Terrestrial  Waters;  Studies  on  Water 
Quality  Criteria  for  Fish;  Pulp  and  Paper 

Mill  Effluents;  Sewage  Effluents 

World  Meteorological  Organization 

World  Weather  Watch  Information 

Related  to  Air  Pollution  and  Maritime 
Pollution 

International  Civil  Aviation  Organization 

Aircraft  Noise 

International  Atomic  Energy  Agency 

Pollution  from  Radioactive  Substances 

U.N.  Conference  on  the  Human 
Environment 

Preparatory  Work  for  the  1 972 

Stockholm  Conference 

World  Bank  Group 

International  Bank  for  Reconstruction 
and  Development,  International 

Development  Association,  International 
Finance  Corporation 

Regional  Development  Banks 

African  Development  Bank,  Inter- 
American  Development  Bank,  Asian 
Development  Bank,  Caribbean 

Development  Bank 

OTHER  INTERGOVERNMENTAL  BODIES 

NATO  Committee  on  Challenges  of 
Modern  Society 

Disaster  Assistance,  Air  Pollution,  Open- 
Water  Pollution,  Inland  Pollution, 
Environment  in  the  Strategy  of  Regional 
Development 
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Table  7-2. — Environmental  Activities  of  International  Bodies,  1970  (cont.). 

_ AGENCY _ PROGRAMS _ 

Organization  for  Economic  Cooperation  Water  Resources  Management,  Air 

and  Development  Pollution,  Pesticides,  Organizing  an 

Environmental  Division 

Organization  of  African  Unity  Serves  as  the  Depository  for  the  African 

Convention  on  the  Conservation  of 
Nature  and  Natural  Resources 

Organization  of  American  States  Latin  American  Convention  on  Nature 

Protection  and  Wildlife  Preservation  in 
the  Western  Hemisphere 

Council  of  Europe  Information  Sharing  Pollution  Control, 

Ecology 

European  Communities  European  Economic  and  Social 

Cooperation 

NONGOVERNMENTAL  ORGANIZATIONS 

International  Council  of  Scientific  Unions  International  Biological  Program 

International  Union  for  Conservation  of  Ecology,  Species  Sunrival,  National 

Nature  and  Natural  Resources  Parks,  Education,  Environmental  Policy 

The  World  Wildlife  Fund  Ecological  Consequences  of 

_ International  Development 


promote  international  environmental  awareness,  develop  tools 
for  environmental  monitoring  and  testing,  and  promote  common 
management  practices  that  protect  natural  and  biological  resour¬ 
ces,  sometimes  through  international  agreements.  Because  these 
organizations  attempt  to  influence  population  policies,  economic 
growth,  trade,  technology  development,  and  other  factors  that  af¬ 
fect  environmental  quality,  their  actions  sometimes  can  be  con¬ 
troversial,  particularly  since  they  may  challenge  particular 
policies  of  individual  governments.  Yet  these  young  institutions 
have  achieved  remarkable  results. 

The  existence  of  international  environmental  organizations, 
however,  has  not  completely  satisfied  the  need  for  special  tem¬ 
porary  arrangements  that  focus  additional  resources  on  special 
concerns.  For  example,  in  December  1983  the  United  Nations  es¬ 
tablished  the  World  Commission  on  Environment  and  Develop¬ 
ment  (WCED)  to  examine  carefully  the  relationship  between 
environment  and  development.  In  November  1988  the  U.N.  En¬ 
vironment  Program  and  the  World  Meteorological  Organization 
(WMO)  formed  the  Intergovernmental  Panel  on  Climate  Change 
(IPCC)  to  examine  the  science  of  climate  change,  its  economic  and 
social  impacts,  and  possible  response  options. 
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United  Nations  Programs 

The  United  Nations  has  played  an  increasingly  important  role  in 
international  environmental  issues  over  the  past  20  years.  The 
United  Nations,  established  in  1945,  is  headed  by  a  Secretary 
General.  Its  principal  bodies  include  the  General  Assembly,  the 
Security  Council,  and  the  Economic  and  Social  Coimcil.  Special¬ 
ized  agencies,  autonomous  organizations,  and  programs  also  con¬ 
duct  environmental  activities.  Because  of  the  importance  of 
environmental  issues  today,  competition  exists  among  the  Gen¬ 
eral  Assembly  and  other  U.N.  components  to  provide  leadership 
on  particular  environmental  initiatives. 


U.N.  Environment  Program 

Today  UNEP  is  a  major  international  advocate  for  environmen¬ 
tal  management.  It  is  a  catalytic  and  coordinating  body  for  en¬ 
vironmental  activities  within  the  United  Nations  system  and 
among  international  organizations,  scientists,  and  environmen¬ 
tal  groups.  Its  mandate  includes  the  assessment,  monitoring, 
and  protection  of  the  human  environment  and  the  promotion  of 
environmentally  sound  economic  and  social  development  in  both 
rural  and  urban  areas.  Relatively  small,  it  has  approximately 
180  professional  staff,  supported  annually  by  $5  million  in  U.N. 
funds  and  $40  million  in  voluntary  contributions  from  65  govern¬ 
ments.  A  UNEP  Governing  Council  of  58  nations  is  elected  on  a 
rotating  basis  by  the  U.N.  General  Assembly. 

Within  recent  years  UNEP  has  emphasized  the  formulation 
and  negotiation  of  international  agreements  relating  to  the  en¬ 
vironment.  For  example,  under  its  Regional  Seas  Program, 
UNEP  has  fostered  a  series  of  regional  agreements  for  protection 
of  the  marine  environment.  More  recently,  UNEP  sponsored 
negotiations  that  culminated  in  the  1985  Vienna  Convention  for 
Protection  of  the  Ozone  Layer.  Likewise,  UNEP  was  instrumen¬ 
tal  in  developing  the  ensuing  related  Montreal  Protocol.  In  1989 
UNEP-organized  negotiations  for  the  Basel  Convention  on  the 
Control  of  Transboundary  Movements  of  Hazardous  Wastes  and 
Their  Disposal  reached  a  final  agreement.  Concerns  about 
climate  change  and  biological  diversity  have  stimulated  UNEP 
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activities  for  developing  new  international  conventions  in  these 
areas. 

UNEP  programs  include  global  environmental  monitoring, 
development  of  regional  environmental  action  plans,  and  support 
for  international  environmental  law,  public  information,  industry 
and  environment  information,  education,  and  training.  World¬ 
wide  monitoring  and  assessment  is  a  m£gor  activity.  For  example, 
the  Global  Environmental  Monitoring  System  (GEMS)  collects, 
stores,  retrieves,  analyzes,  and  disseminates  environmental  data 
related  to  a  range  of  potential  pollutants.  The  International 
Register  of  Potentially  Toxic  Chemicals  GRPTC)  collects,  vali¬ 
dates,  and  exchanges  information  on  hazardous  chemicals.  The 
International  Referral  System  for  Sources  of  Environmental  In¬ 
formation  (INFOTERRA)  assists  governments,  organizations, 
and  individuals  to  locate  technical  and  scientific  information  on 
the  environment. 

Priority  areas  for  UNEP  action  include: 

•  Atmospheric  issues — climate  change,  ozone  layer 
depletion,  transborder  air  pollution,  and  acid  rain; 

•  Freshwater — supply  and  quality; 

•  Oceans  and  coastal  areas — pollution  and  coastal 
zone  management; 

•  Land  degradation — desertification,  deforestation; 

•  Loss  of  biological  diversity;  and 

•  Hazardous  weiste  and  toxic  chemicals. 


World  Commission  on  Environment 
and  Development 

Ten  years  after  the  Stockholm  Conference  fostered  the  concept  of 
"Only  One  Earth"  where  interdependent  species  shared  the  same 
environment,  the  1982  Nairobi  conference  advanced  the  concept 
of  sustainable  development.  In  the  fall  of  1983,  the  U.N.  General 
Assembly  passed  a  resolution  that  led  to  establishment  of  the 
World  Commission  on  Environment  and  Development  (WCED) 
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and  urgently  called  for  formation  of  long-term  environmental 
strategies  to  achieve  sustainable  development  by  the  year  2000 
and  beyond.  Gro  Harlem  Brundtland,  then  Prime  Minister  of 
Norway,  was  named  to  chair  the  WCED,  and  Mansour  Khalid 
from  Sudan  was  named  vice-chairman.  They  appointed  the 
remaining  21  members,  more  than  half  from  developing 
countries. 

International  efforts  to  address  the  environmental  concerns 
of  the  1990s  undoubtedly  will  reflect  the  influence  of  WCED.  The 
World  Commission  made  a  singular  contribution  to  the  environ¬ 
mental  dialogue  of  the  1990s  by  reviewing  the  condition  of  the 
globe  and  its  economy  from  the  perspective  of  the  sustainability 
of  the  ecosystems  on  which  the  global  economy  depends.  It  made 
recommendations  on  how  economic  costs  can  be  borne  equitably, 
how  the  global  commons  can  be  appropriately  and  equitably 
managed,  and  how  security  as  traditionally  understood — in 
terms  of  political  and  military  threats  to  national  sovereignty — 
can  be  expanded  to  include  the  growing  impacts  of  environmental 
stress. 

At  its  inaugural  meeting  in  Geneva  on  October  1-3, 1984,  the 
WCED  adopted  the  following  mandate: 

•  Re-examine  the  critical  issues  of  environment  and 
development  and  formulate  innovative,  concrete,  and 
realistic  action  proposals  to  address  them; 

•  Strengthen  international  cooperation  on  environment 
and  development  and  assess  and  propose  new  forms  of 
cooperation  that  can  reshape  existing  economic  patterns 
and  influence  policies  and  events  in  the  direction  of 
needed  change;  and 

•  Raise  the  level  of  understanding  and  commitment  to 
action  on  the  part  of  individuals,  voluntary 
organizations,  businesses,  institutions,  and 
governments.^^ 

Between  1985  and  1987,  the  WCED  conducted  public  hear¬ 
ings  in  a  dozen  cities  around  the  world.  Hundreds  of  organiza¬ 
tions  and  individuals  gave  testimony,  and  many  others  gave 
written  submissions.  Td  provide  further  information,  several  ad¬ 
visory  panels  were  established. 
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In  1987  the  WCED  published  its  report,  Our  Common  Fu¬ 
ture.  That  report  argued  that  the  environmental  consequences  of 
population  increases  and  economic  development  have  become  in¬ 
tertwined.  The  development  of  the  global  economy  and  the 
protection  of  the  global  ecology  may  appear  to  be  separate  issues, 
but  they  are,  in  fact,  different  facets  of  the  same  problem.  As  Our 
Common  Future  states: 

Until  recently,  the  planet  was  a  large  world  in  which 
human  activities  and  their  effects  were  neatly 
compartmentalized  within  nations,  within  sectors  (energy, 
agriculture,  trade),  and  within  broad  areas  of  concern 
(environmental,  economic,  social).  These  compartments  have 
begun  to  dissolve.  This  applies  in  particular  to  the  various 
global  'crises'  that  have  seized  public  concern,  particularly 
over  the  last  decade.  These  are  not  separate  crises:  an 
environmental  crisis,  a  development  crisis,  an  energy  crisis. 

They  are  one.^* 

Our  Common  Future  defines  the  concept  of  sustainable 
development  in  very  simple  terms:  humanity  has  the  ability  to 
make  development  sustainable — to  ensure  that  it  meets  the 
needs  of  the  present  without  compromising  the  ability  of  future 
generations  to  meet  their  own  needs.^®  The  concept,  however,  is 
not  rigid;  it  can  be  interpreted  flexibly  depending  on  scientific,  so¬ 
cial,  economic,  and  political  circumstances.  Moreover,  such  cir¬ 
cumstances  help  define  how  the  costs  of  sustainable  development 
are  to  be  characterized,  and  ultimately  how  the  costs  are  to  be 
borne. 

The  WCED  report  stressed  that  international  efforts  to 
protect  the  environment  in  the  1990s  must  include  several 
specific  issues: 

•  Population  and  its  effect  on  natural  resources  and 
economic  development,  including  (1)  food  security — 
making  food  available  where  needed;  (2)  species 
and  ecosystems — maintaining  biological  diversity;  and 
(3)  energy — energy  efficiency  and  conservation  of  energy 
sources; 
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•  Industry — ^use  of  less  environmentally  invasive 
technologies;  and 

•  Urban  challenge — ^proper  planning  and  development  of 
cities  and  establishment  of  settlement  practices. 

As  a  follow-up  to  the  WCED  report,  the  United  States  and 
other  Economic  Commission  for  Europe  (ECE)  countries  will  i 

meet  at  Bergen,  Norway,  in  May  1990.  The  U.N.  General  Assemb-  \ 

ly  endorsed  the  WCED  statement  that  sustainable  development 
should  become  a  guiding  principle  of  the  United  Nations,  in-  ^ 

dividual  governments,  and  private  institutions,  organizations, 
and  enterprises.^®  In  addition,  the  General  Assembly  welcomed 
follow-up  activities  such  as  national,  regional,  and  global  con¬ 
ferences. 

The  Bergen  conference,  titled  "Action  for  a  Common  Fu¬ 
ture,"  intends  to  review  progress  related  to  selected  aspects  of 
the  Brundtland  Commission  report  and  further  action  specifical¬ 
ly  relevant  to  the  ECE  region.  The  main  topics  for  discussion  will 
be  sustainable  development,  sustainable  energy  use,  sustainable 
industrial  activity,  and  public  awareness.  ECE  governments 
have  been  requested  to  host  workshops  on  specific  topics. 

The  United  States  hosted  a  workshop  in  January  1990  on 
the  Economics  of  Sustainable  Development  that  sought  the  fol¬ 
lowing  actions: 

•  Establish  basic  economic  definitions  and  conditions  of 
sustainable  development  in  industrial  and  developing 
countries;  and 

•  Identify  key  economic  policy  and  institutional  changes 
within  the  power  of  developed  and  developing  countries 
that  will  promote  sustainable  development  both  at  home 
and  internationally. 


Other  workshops  were  on  Sustainable  Industrial  Activity, 
hosted  by  Poland;  Sustainable  Energy  Use,  hosted  by  the 
Federal  Republic  of  Germany;  and  Awareness  Raising  and  Public 
Participation,  hosted  by  the  United  Kingdom. 
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Economic  Commission  for  Europe 

U.N.  regional  economic  commissions  are  charged  with  streng¬ 
thening  economic  and  other  forms  of  cooperation  among  their 
members.  These  economic  commissions  include  the  Economic 
Commission  for  Europe  (ECE),  the  Economic  Commission  for 
Africa  (EC A),  the  Economic  and  Social  Commission  for  Asia  and 
the  Pacific  (ESCAP),  the  Economic  Commission  for  Latin 
America  and  the  Caribbean  (ECLAC),  and  the  Economic  and  So¬ 
cial  Commission  for  Western  Asia  (ESCWA).  Since  the  1970s  all 
the  commissions  have  increasingly  involved  the  environment  as 
an  integral  part  of  economic  development.  The  United  States  is  a 
member  of  ESCAP,  ECE,  and  ECLAC. 

The  Economic  Commission  for  Europe  (ECE)  includes  na¬ 
tions  from  Eastern  and  Western  Europe,  as  well  as  the  United 
States  and  Canada.  ECE  is  probably  the  most  advanced  of  the 
five  U.N.  regional  economic  commissions  in  terms  of  environmen¬ 
tal  activities,  since  it  involves  mainly  developed  countries.  The 
role  of  ECE  in  environmental  issues  is  considered  a  model  for 
other  regional  economic  commissions.  Since  the  ECE  includes  the 
United  States,  the  Soviet  Union,  and  members  from  both  western 
and  eastern  Europe  plus  Canada,  it  serves  as  an  important  forum 
for  East- West  cooperation  on  environmental  issues. 

Even  in  1970  ECE  had  more  than  10  years  of  experience 
dealing  with  water  pollution  and  20  years  of  experience  in  city 
and  urban  environmental  issues.  In  1973  it  established  a  group  of 
senior  advisors  on  environmental  issues.  Through  the  work  of 
this  group,  ECE  has  adopted  a  varied  work  program  addressing 
such  subjects  as  air  pollution,  energy,  water  pollution,  toxic  was¬ 
tes,  transportation,  tourism,  and  transborder  Black  Sea  pollu¬ 
tion. 

ECE  studies  related  to  the  long-range  transport  of  air  pol¬ 
lutants,  begun  in  1977,  led  to  the  1979  Convention  on  Long- 
Range  Transboundary  Air  Pollution  (LRTAP)  and  subsequent 
protocols.  In  the  1980s  the  ECE  recognized  the  importance  of  con¬ 
ducting  environmental  impact  assessments,  and  it  has  taken 
steps  to  develop  a  multilateral  agreement  for  transboundary  en¬ 
vironmental  impact  assessment. 
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Climate  Change 

Global  climate  change  is  a  megor  international  environmental 
issue  today.  International  concern  about  the  "greenhouse  effect," 
the  possible  increase  in  global  climate  temperature  because  of 
changes  in  the  composition  of  the  earth’s  atmosphere,  has  esca¬ 
lated  in  the  20  years  since  its  brief  mention  in  the  first  annual 
report  of  the  Council  on  Environmental  Quality.  Yet  the  pos¬ 
sible  extent  of  climate  change  and  its  likely  effects  on  the  en¬ 
vironment  are  both  complex  and  controversial.  Nations  are  be¬ 
ginning  to  take  the  threat  of  climate  change  seriously.  Moreover, 
they  are  stud5dng  the  need  to  modify  human  activity,  which  may 
be  a  major  cause  of  climate  change. 

Because  of  the  scientific  uncertainties  associated  with  as¬ 
sessing  potential  climate  changes,  the  international  scientific 
community  has  become  increasingly  involved  in  the  issue.  For  ex¬ 
ample,  the  1978  World  Climate  Conference  led  the  World 
Meteorological  Organization  (WMO)  to  establish  a  World  Climate 
Program  that  considers  the  role  of  CO2  and  its  possible  impacts 
on  human  activities.  Other  discussions  have  been  held  by  WMO, 
UNEP,  and  the  International  Council  of  Scientific  Unions 
(ICSU)^®  at  various  international  scientific  meetings  held 
worldwide. 

In  1987  discussions  within  the  U.N.  General  Assembly  led  to 
requests  by  the  governing  bodies  of  WMO  and  UNEP  to  establish 
an  intergovernmental  mechanism  to  address  the  science  of  cli¬ 
mate  change,  the  potential  environmental,  economic,  and  social 
impacts  of  climate  changes,  and  possible  national  and  interna¬ 
tional  responses  to  such  changes.  As  a  result,  the  Inter¬ 
governmental  Panel  on  Climate  Change  (IPCC)  was  established. 
The  first  meeting  of  the  IPCC  took  place  in  Geneva,  November  9- 
11,  1988.  Approximately  35  countries,  including  the  United 
States,  Japan,  the  Soviet  Union,  and  several  international  or¬ 
ganizations  attended.  Both  the  Secretary  General  of  WMO  and 
the  Executive  Director  of  UNEP  underscored  the  importance  of 
the  IPCC  in  light  of  U.N.  General  Assembly  interest.  The  General 
Assembly  requested  that  the  interim  report  of  the  IPCC  be 
delivered  by  September  1990. 
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IPCC  agreed  that  its  main  tasks  were  the  following: 

*  Assess  available  scientific  information  on  climate 
change; 

*  Assess  environmental  and  socioeconomic  impacts  of 
climate  change;  and 

*  Formulate  response  strategies. 

IPCC  organized  its  efforts  under  three  working  groups  with 
designated  chairs,  vice-chairs,  and  core  members,  although  all 
other  nations  were  allowed  to  participate  in  working  groups  as 
they  chose  without  regard  to  "core"  designation.  The  organization 
of  IPCC  is  shown  in  Figure  7-1. 

IPCC  working  groups  have  the  following  charges  and  of¬ 
ficers: 


■  Working  Group  I,  Research.  Review  the  state  and 
knowledge  of  the  science  of  climate  and  climate  change 
with  special  emphasis  on  global  warming.  Chair,  UK; 
Vice-chairs,  Brazil  and  Senegal. 

■  Working  Group  II,  Impacts.  Review  programs  and 
conduct  studies  of  social  and  economic  impacts.  Chair, 
USSR;  Vice-chairs,  Australia  and  Japan. 

■  Working  Group  HI,  Policy.  Develop  and  evaluate 
possible  policy  responses  by  governments  to  delay  or 
mitigate  the  impact  of  adverse  climate  change.  Chair, 
USA;  Vice-chairs,  Canada,  China,  Malta,  Netherlands, 
and  Zimbabwe. 

Each  working  group  has  a  set  of  tasks  that,  when  completed 
and  integrated,  will  form  the  text  of  the  IPCC  Interim  Report. 
That  report  should  be  completed  by  the  fall  of  1990. 


■  Working  Group  I,  chaired  by  the  United  Kingdom,  has 
divided  its  scientific  review  into  several  different  areas: 

•  Greenhouse  gases  and  other  forcing  agents; 

•  The  relative  importance  of  climate  forcing  agents; 

•  Potential  effects; 


Figure  7.1 — Interactions  of  Subgroups  within  the  Intergovernmental  Panel  on  Climate  Change  (IPPC). 


FRG  s  Federal  Republic  of  Germany  PRC  »  Peoples  Republic  of  China 
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•  Mathematical  and  process  models; 

•  Transient  climate  simulations,  1850-2100; 

•  Climate  observations,  1850-1989  and  the  last  1000 
years; 

•  Detecting  climate  change; 

•  Sea  level  rise;  and 

•  Effects  on  ecosystems. 

Working  Group  I  is  also  responsible  for  devising  methods  by 
which  the  effect  on  climate  of  reductions  in  one  greenhouse  gas 
could  be  compared  with  similar  reductions  in  another  greenhouse 
gas. 

■  Working  Group  II,  chaired  by  the  Soviet  Union,  has  divided 
its  work  on  effects  into  the  following  areas: 

•  Agriculture,  forestry,  and  land  use; 

•  Natural  terrestrial  ecosystems; 

•  Hydrological  water  resources; 

•  Energy,  industry,  transportation,  human  settlements, 
and  the  urban  environment;  and 

•  World  oceans  and  coastal  zones. 


■  Working  Group  HI,  chaired  by  the  United  States,  is  assess¬ 
ing  policy  and  technology  responses  to  climate  change  and 
measures  to  implement  such  responses,  including  the  elements 
of  a  framework  convention  on  climate  change.  The  steering  com¬ 
mittee  has  two  particular  tasks.  First,  it  is  responsible  for 
developing  emissions  scenarios  that  can  be  used  by  the  working 
groups.  Emissions  scenarios  describe  different  possible  climate 
changes  depending  on  different  assumptions  for  changes  in 
greenhouse  gas  emissions.  Thus,  they  cover  the  range  of  re¬ 
sponse  options  that  need  to  be  considered. 

The  second  task  of  Working  Group  III  is  to  develop  and 
analyze  implementation  mechanisms,  such  as  legal  and  institu¬ 
tional  measures,  public  education  and  information,  technical  as- 
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sistance,  economic  and  market  measures,  and  financial  mea¬ 
sures.  Implementation  mechanisms  are  the  actions  that  govern¬ 
ments  can  take  to  stimulate  changes  in  behavior  that  will  lead  to 
the  reduction  or  limitation  of  greenhouse  gas  emissions  or  the 
adaptation  to  changes  in  climate. 

In  October  1989  the  Response  Strategy  Working  Group 
prepared  a  report  on  implementation  mechanisms  and  a  prelimi¬ 
nary  description  of  the  possible  elements  of  a  climate  change  con¬ 
vention.  This  framework  convention  will  provide  a  means  for 
governments  to  act  to  limit  emissions  of  greenhouse  gases  and 
provide  for  development  and  sharing  of  scientific  and  technical 
information.  Development  of  elements  of  the  framework  conven¬ 
tion  on  climate  change  is  now  a  rntgor  goal  for  IPCC. 

Four  subgroups  make  up  Working  Group  III.  The  Energy  and 
Industry  Subgroup  (EIS)  and  the  Agriculture,  Forestry,  and 
Other  Human  Activities  Subgroup  (AFOS)  focus  primarily  on 
limitation  strategies.  The  Coastal  Zone  Management  Subgroup 
(CZMS)  and  the  Resource  Use  and  Management  Subgroup 
(RUMS)  address  adaptation  strategies.  The  Energy  and  Industry 
Subgroup  (EIS)  is  addressing  the  relationship  of  energy,  economy, 
and  greenhouse  gas  emissions  to  determine  what  policies  and 
technologies  can  make  a  significant  contribution  to  limiting 
greenhouse  gas  emissions. 

The  Agriculture,  Forestry,  and  Other  Human  Activities  Sub¬ 
group  (AFOS)  is  developing  response  options  based  on  studies  of 
forestry  data,  forestry  response  options,  and  special  damage  to 
boreal  forests  from  air  pollution  and  climate  stress.  Studies  on 
agriculture  are  focusing  on  methane  and  other  gas  emissions 
from  livestock,  rice  paddies,  and  fertilizers.  Results  of  workshops 
on  tropical  forests,  boreal  forests,  and  temperate  forests  will  be 
prepared  for  the  Interim  Report. 

The  Coastal  Zone  Management  Subgroup  (CZMS)  is  provid¬ 
ing  information  and  options  for  coastal  zone  management 
strategies  over  the  next  10  years.  It  has  prepared  papers  on  the 
extent  and  timing  of  sea  level  rise;  impacts;  problem  identifica¬ 
tion;  available  adaptive  options  and  costs  for  coastal  areas  at 
risk;  social,  economic,  legislative,  and  other  implications  of  adap¬ 
tive  options;  funding  mechanisms  for  adaptation;  and  inventories 
of  technology  and  existing  laws  and  policies. 
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The  Resource  Use  and  Management  Subgroup  (RUMS)  ad¬ 
dresses  the  use  and  management  of  a  variety  of  natural  resource 
issues.  It  has  drafted  papers  on  the  management  of  water  resour¬ 
ces,  salinization,  desertification,  forestiy,  agriculture,  fisheries, 
animal  husbandry,  unmanaged  ecosystems,  biological  diversity, 
food  and  fiber  security,  and  land  use  in  general. 

IPCC  has  established  a  Special  Committee  on  the  Participa¬ 
tion  of  the  Developing  Countries.  This  committee  has  encouraged 
action  that  would  be  especially  valuable  to  developing  countries 
in  enabling  them  to  participate  more  fully  in  the  IPCC.  Such  ac¬ 
tions  could  include  seminars  in  the  developing  countries,  travel 
assistance  to  facilitate  their  participation  in  IPCC  meetings, 
financial  and  technical  assistance,  and  cooperation  in  research, 
development,  and  demonstration  programs. 

IPCC  plans  to  issue  its  Interim  Report  in  October  before  the 
Second  World  Climate  (Donference,  scheduled  for  October-Nov- 
ember  1990  in  Geneva.  It  is  anticipated  that  shortly  thereafter 
negotiations  for  a  climate  convention  will  begin.  President  Bush, 
in  a  meeting  with  Soviet  President  Gorbachev  in  Malta  in  Decem¬ 
ber  1989  and  at  the  Third  IPCC  Plenary  Meeting  in  February 
1990,  offered  to  host  the  opening  round  for  the  climate  convention 
in  the  United  States.  IPCC  most  likely  will  continue  its  work  at 
least  until  the  conclusion  of  a  framework  convention. 


Organization  for  Economic  Cooperation 
and  Development 

In  addition  to  U.N.  organizations,  the  United  States  has  given 
strong  support  to  other  international  environmental  programs, 
such  as  those  sponsored  by  the  Organization  for  Economic 
Cooperation  and  Development  (OECD).  Its  growth  paralleled 
that  of  national  programs  to  address  environmental  degrada¬ 
tion  in  western  industrialized  countries  in  the  1970s.  OECD  be¬ 
came  involved  with  environmental  issues  in  the  1970s  because 

(1)  some  environmental  problems  are  intrinsically  international; 

(2)  the  differences  in  environmental  control  practices  among  dif¬ 
ferent  countries  could  have  implications  for  economics,  trade, 
and  political  relations;  and  (3)  OECD  believed  that  individual 
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governments  were  insufficiently  prepared  to  address  growing  en¬ 
vironmental  problems.  Thus,  joint  action  was  necessary.^* 

OECD  was  established  in  1960  as  an  outgrowth  of  the  1948 
organization  set  up  to  administer  Marshall  Plan  fimds.  Its  mem¬ 
bers  are  24  industrialized  countries:  19  European  countries, 
Canada,  the  United  States,  Japan,  Australia,  and  New  Zealand. 
In  addition,  the  European  Community  takes  part  in  OECD  work, 
and  Yugoslavia  participates  in  many  activities.  A  strong  effort  to 
protect  the  environment  is  essential,  since  OECD  countries 
generate  about  70  percent  of  the  world’s  gross  domestic  product 
and  70  percent  of  international  trade.  Yet  they  account  for  only  17 
percent  of  the  world’s  population  and  less  than  a  quarter  of  its 
land  mass.  Moreover,  OECD  countries  account  for  60  j)ercent  of 
the  total  atmospheric  pollution  generated  by  human  activities.^® 

The  organization  is  directed  by  the  OECD  Council,  and  it  in¬ 
corporates  a  number  of  principal  bodies  devoted  to  particular  sec¬ 
toral  or  substantive  issues  such  as  agriculture,  energy,  trade, 
science,  and  technology.  Environment  has  been  a  growing  concern 
to  these  principal  bodies,  each  of  which  can  recommend  that  the 
OECD  Council  adopt  binding  "Decisions  of  Council"  or  advisory 
"Recommendations  and  Declarations." 

One  such  principal  body,  the  Environment  Committee,  was 
formed  in  1970  to  aid  OECD  in  developing  coordinated  and  har¬ 
monized  policies  for  promoting  international  environmental 
quality.  The  work  of  the  committee  is  carried  out  by  subsidiary 
groups  that  address  general  areas  of  environmental  policy:  en¬ 
vironment  and  economics,  pollution  prevention  and  control, 
chemicals,  national  reviews  and  environmental  information,  and 
urban  affairs. 

OECD  environmental  activities  include  specific  recommen¬ 
dations  and  decisions  on  the  economic,  legal,  and  scientific 
aspects  of  environmental  management.  The  "polluter-pays"  prin¬ 
ciple  has  been  accepted  by  all  OECD  member  countries,  as  has 
the  concept  that  "prevention  is  better  than  repair."  OECD  has 
made  recommendations  or  decisions  on  noise  abatement,  water 
management,  transfrontier  pollution,  and  control  of  internation¬ 
al  shipments  of  wastes.  It  also  has  developed  economic  techni¬ 
ques  and  economic  instruments  on  environmental  policy.  The 
extensive  list  of  Council  Decisions  and  Recommendations  related 
to  environmental  concerns  is  shown  in  Table  7-3. 
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Table  7-3. — Actions  of  the  Organization  for  Economic  Cooperation  and 
Development  (OECD)  Council  Relating  to  the  Environment,  1972-84. 

_ SUBJECT _ DATE _ ACTION _ 

Environment  and  Economics  1972  Guiding  Principles  Concerning  International 

Economic  Aspects  of  Environmental 
Policies 

1974  Implementation  of  the  Polluter-Pays 
Principle 

Environmental  Assessment  1974  Analysis  of  the  Environmental 

Consequences  of  Significant  Public  and 
Private  Projects 

1 979  Assessment  of  Projects  with  Significant 
Impact  on  the  Environment 

1974  Guidelines  for  Action  to  Reduce  Emission 
of  Sulphur  Oxides  and  Particulate  Matter 
from  Fuel  Combusion  in  Stationary 
Sources;  Measures  Required  for  Further 
Air  Pollution  Control 

1985  Control  of  Air  Pollution  from  Fossil  Fuel 
Combustion 

Water  1971  Determination  of  the  Biodegradability  of 

Anionic  Synthetic  Surface  Active  Agents 
1974  Control  of  Eutrophication  of  Waters; 

Strategies  for  Specific  Water  Pollutants 
Control 

1978  Water  Management  Policies  and 
Instruments 

Energy 

1974  Energy  and  the  Environment 

1 976  Reduction  of  Environmental  Impacts  from 
Energy  Production  and  Use 

1 977  Reduction  of  Environmental  Impacts  from 
Energy  Use  in  the  Household  and 
Commercial  Sectors 

1979  Coal  and  the  Environment 
1 985  Environmentally  Favorable  Energy  Options 

and  Their  Implementation 

Comprehensive  Waste  Management  Policy 
Re-Use  and  Recycling  of  Beverage 
Containers 

Waste  Paper  Recovery 
T ransfrontier  Movements  of  Hazardous 
Waste 

International  Cooperation  concerning 
Transfrontier  Movements  of  Hazardous 
Waste 

Exports  of  Hazardous  Wastes  from  the 
OECD  Area 

Chemicals  1971  Procedures  for  Notification  and 

Consultation  regarding  Measures  for 
Control  of  Substances  Affecting  Man  and 
His  Environment 

1 973  Protection  of  the  Environment  by  Control  of 
Polychlorinated  Biphenyls;  Measures  to 
Reduce  All  Man-Made  Emissions  of 
Mercury  to  the  Environment 


Waste  1976 

1978 

1980 

1984 

1985 

1986 


Resource  Management 
Air 
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Table  7-3.— Actions  of  the  Organization  for  Economic  Cooperation  and 
Development  (OECD)  Councii  Relating  to  the  Environment,  1972-84  (cont.). 


SUBJECT _ DATE 

1974 

1977 

1981 

1982 

1983 


1984 

Transfrontier  Pollution  1974 

1976 

1977 

1978 

1982 


State  of  the  Environment 

1979 

Transport 

1974 

Noise 

1974 

1985 

Coastal  Zone  Management 

1976 

Tourism 

1979 

Peri-Urban  Areas 

1979 

Radioactive  Waste 

1977 

1984 


_ ACTION _ 

Assessment  of  the  Potential  Environmental 
Effects  of  Chemicals 

Guidelines  in  respect  of  Procedures  and 
Requirements  for  Anticipating  the  Effects 
of  Chemicals  on  Man  and  in  the 
Environment 

Mutual  Acceptance  of  Data  in  the 
Assessment  of  Chemicals 

Minimum  Pre-Marketing  Set  of  Data  in  the 
Assessment  of  Chemicals 

Mutual  Recognition  of  Compliance  with 
Good  Laboratory  Practice;  Protection  of 
Proprietary  Rights  to  Data  Submitted  in 
Notifications  of  New  Chemicals; 

Exchange  of  Confidential  Data  on 
Chemicals;  OECD  List  of  Non- 
Confidential  Data  on  Chemicals 

Information  Exchange  related  to  Export  of 
Banned  or  Severely  Restrictive 
Chemicals 

Principles  Concerning  Transfrontier 
Pollution 

Equal  Right  of  Access  in  Relation  to 
Transfrontier  Pollution 

Implementation  of  a  Regime  of  Equal  Right 
of  Access  and  Non-Discrimination  in 
Relation  to  Transfrontier  Pollution 

Strengthening  International  Cooperation  of 
Environmental  Protection  in  Transfrontier 
Regions 

Certain  Financial  Aspects  of  Action  By 
Public  Authorities  to  Prevent  and  Control 
Oil  Spills 

Reporting  on  the  State  of  the  Environment 

Traffic  Limitation  and  Low-Cost 
Improvement  of  the  Urban  Environment 

Noise  Prevention  and  Abatement;  Noise 
Abatement  Policies 

Strengthening  Noise  Abatement  Policies 

Principles  concerning  Coastal  Zone 
Management 

Environment  and  Tourism 

Role  of  Agriculture  in  the  Planning  and 
Management  of  Peri-Urban  Areas 

Multilateral  Consultation  and  Surveillance 
Mechanisms  for  Sea  Dumping  of 
Radioactive  Waste 

Guidelines  for  Multinational  Enterprises 


Multinational  Enterprises 
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OECD  also  has  a  msoor  program  examining  the  environmen¬ 
tal  implications  of  chemical  use  from  early  development  through 
final  disposal.  Activities  include  information  exchange,  testing 
and  assessment,  international  cooperation  on  chemicals  manage¬ 
ment,  accidents,  and  the  assessment  of  impacts  of  chemical  con¬ 
trol  policies,  including  the  safety  aspects  of  biotechnology 
materials.  For  example,  OECD  approved  a  system  for  testing 
chemicals  before  they  enter  the  market  and  developed  standards 
to  permit  tests  in  one  member  country  to  be  accepted  by  others. 

The  Environment  Committee  also  is  involved  in  economic 
development,  including  agricultural  policies,  the  use  of  economics 
in  environmental  policies,  groundwater  management,  and  the 
strengthening  of  economic  relationships  with  developing 
countries.  Some  activities  are  conducted  in  conjunction  with 
other  committees,  such  as  the  OECD  Development  Assistance 
Committee.  In  the  areas  of  prevention  and  control,  activities  in¬ 
clude  hazardous  waste  management,  control  of  major  air  pol¬ 
lutants,  cross-media  approaches  to  pollution  control,  siting  of 
hazardous  installations,  and  noise  abatement.  OECD  also  con¬ 
ducts  national  reviews,  provides  periodic  state  of  the  environ¬ 
ment  reports,  and  conducts  studies  on  urban  environmental 
issues. 


European  Community 

The  economic  and  environmental  agendas  of  western  European 
trading  partners  have  come  together  in  the  European  Com¬ 
munity  (EC),  also  called  the  European  Economic  Community.  EC 
is  distinct  from  the  U.N.  Economic  Commission  for  Europe 
(ECE).  EC  agendas  are  of  particular  interest  to  the  United 
States,  since  they  relate  to  environmental  as  well  as  trade 
policies. 

What  had  begun  as  economic  cooperation  in  the  1950s  in 
several  organizations  designed  to  coordinate  trade  among  the 
coal,  steel,  and  atomic  energy  sectors  in  western  Europe  has 
evolved  since  the  1970s  into  an  integrated  organization  dedicated 
to  trade  and  environmental  policy.^^  In  1967  several  organiza¬ 
tions  merged  into  the  EC,  which  is  now  comprised  of  Belgium, 
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Denmark,  France,  Greece,  Ireland,  Italy,  Luxembourg,  the 
Netherlands,  Portugal,  Spain,  the  United  Kingdom,  and  the 
Federal  Republic  of  Germany.  Since  its  formation  in  1972,  the 
Directorate  for  Environment,  Consumer  Protection,  and  Nuclear 
Safety  (DGDC)  has  played  an  increasingly  important  role  in 
developing  environmental  policies  for  consideration  by  member 
nations.  EC  has  established  pollution  controls  for  member 
countries  despite  the  fact  that  the  individual  countries  previously 
had  been  unable  to  do  so. 

EC  can  enact  regulations  that  become  binding  on  members, 
issue  directives  that  members  must  implement  domestically,  as 
well  as  offer  recommendations,  resolutions,  and  opinions.  The  net 
effect  of  these  actions  is  to  require  members  to  have  in  place  or  es¬ 
tablish  by  domestic  legislation  environmental  controls  that  meet 
common  EC  standards.  A  selected  listing  of  EC  directives  is 
shown  in  Table  7-4. 

As  a  representative  of  regional  interests,  EC  has  become  a 
party  to  several  international  environmental  protection  agree¬ 
ments: 

•  The  1974  Paris  Convention  on  the  Prevention  of 
Pollution  from  Land-Based  Sources, 

•  The  1976  Bonn  Convention  on  the  Protection  of  the 
Rhine  against  Pollution  by  Chemicals, 

•  The  1976  Barcelona  Convention  on  the  Protection  of  the 
Mediterranean  Against  Pollution  and  its  three  related 
protocols, 

•  The  1979  Geneva  ECE  Convention  on  Long-Range 
Transboundary  Air  Pollution  in  Europe, 

•  The  Vienna  Convention  on  the  Protection  of  the  Ozone 
Layer  and  its  1987  Montreal  Protocol,  and 

•  The  1989  Basel  Convention  on  the  Control  of 
Transboundary  Movement  of  Hazardous  Wastes  and 
their  Disposal. 
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Table  7-4. — Environmental  Legislation  and  Policy  Decisions  Adopted  by  the  European  Community,  1970-86  (cont.). 

ACTION  DATE  SUBJECT  REFERENCE 
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Council  Directive  82  501  EEC  24  June  1982  Major-Accident  Hazards  of  Certain  Industrial  Activities.  OJ  L  230  (1982),  page  1. 

Council  Directive  82  884  EEC  3  December  1 982  A  Limit  Value  for  Lead  in  the  Air.  OJ  L  378  (1982),  page  15. 

Council  Regulation  (EEC)  3  December  1982  Implementation  in  the  Community  of  the  Convention  of  OJ  L  384  (1982),  page  1. 

NO  2626  82  International  Trade  in  Endangered  Species  of  Wild  Fauna 

and  Flora. 
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Council  Directive  85  210  EEC  20  March  1985  Approximation  of  the  Laws  of  Member  States  concerning  OJ  L  96  (1985),  page  25. 

the  Lead  Content  of  Petrol. 


Environmental  Legislation  and  Policy  Decisions  Adopted  by  the  European  Community,  1970-86  (cont.). 

ACTION  DATE  SUBJECT  REFERENCE 
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EC  also  has  established  a  series  of  comprehensive  environ¬ 
mental  programs.  The  first  Community  Action  Program,  begun 
in  1973,  was  concerned  primarily  with  immediate  responses  to 
the  serious  problems  posed  by  air  and  water  pollution,  noise,  and 
waste.  The  1977  Community  Action  Program  emphasized  the 
prevention  of  environmental  deterioration  and  the  rational 
management  and  conservation  of  resources  and  space.  The  third 
action  program,  adopted  in  1983,  called  for  continuation  and 
completion  of  those  projects  initiated  in  the  first  and  second 
programs,  and  it  represented  an  overall  preventive  strategy  for 
safeguarding  the  environment  and  natural  resources.  A  key 
legislative  measure  in  this  preventative  approach  was  the  EC 
directive,  adopted  in  1985,  under  which  the  construction  of  mcgor 
industrial  and  infrastructural  developments  became  subject  to 
an  environmental  impact  assessment  requirement. 

EC  broadened  its  preventative  strategy  and  made  environ¬ 
mental  protection  an  essential  element  of  all  economic  and  social 
policies  in  its  fourth  action  program,  scheduled  to  run  from  1987 
to  1992,  and  it  is  in  process  of  establishing  a  European  Environ¬ 
mental  Agency.  That  program  entails  actions  in  the  following 
areas: 

■  More  effective  integration  of  environmental 
policy  into  all  EC  policies,  including  agriculture, 
industry,  competition,  energy,  internal  market 
transport,  toiudsm,  social  policy,  and  regional 
policy.  For  example,  before  investment  aid  is  provided 
by  EC,  greater  attention  must  be  paid  to  environmental 
considerations.  Common  agricultural  policy  also  has  to 
ensure  a  fair  balance  between  agricultural  production 
and  the  sometimes  conflicting  need  to  safeguard  the  en¬ 
vironment. 

■  Stricter  environmental  standards  set  in  the  con¬ 
text  of  completion  of  EC  internal  markets.  In  addi¬ 
tion  to  environmental  benefits,  EC  believes  that  most 
successful  manufacturers  will  be  those  that  can  best 
adapt  to  growing  demand,  in  Europe  and  worldwide,  for 
higher  environmental  standards  and  nonpolluting  prod¬ 
ucts.  Strict  standards  are  therefore  necessary  for  econo¬ 
mic  reasons,  because  they  will  make  EC  industry  more 
competitive. 
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■  Promotion  of  investment  to  improve  the  en¬ 
vironment.  Through  the  European  Investment  Bank 
and  other  economic  assistance  organizations,  EC  has 
supported  environmental  improvement  projects  such  as 
water  purification  plants  and  sanitation  systems. 

■  Improved  public  access  to  EC  information.  EC 
sponsors  various  information  dissemination  programs 
so  that  citizens  may  better  know  and  defend  their  rights 
and  interests. 

■  Effective  implementation  of  EC  legislation  that 
protects  the  environment.  EC  works  to  ensure  that 
member  states  properly  translate  EC  directives  into 
their  national  legislation  and  apply  them. 

■  Efforts  to  prevent  and  control  pollution.^^ 


International  Agreements 

In  1989  an  array  of  international  agreements  governed  pollution 
control,  use  of  natural  resources,  preservation  of  species,  and 
other  aspects  of  the  environment.  The  United  States  has  been 
and  continues  to  be  an  active  participant  in  treaty  negotiations 
and  implementation,  often  taking  a  leading  role.  To  date,  the 
United  States  has  ratified  more  than  40  binding  instruments  in 
the  field  of  the  environment  and  also  participates  in  many  non¬ 
binding  environmental  preservation  regimes.  Under  these  agree¬ 
ments,  nations  give  up  a  degree  of  sovereignty  to  achieve 
mutually  beneficial  objectives.  Agreements  included  the  follow¬ 
ing: 

•  Statements  of  common  concerns, 

•  Definitions, 

•  Some  type  of  control  regime. 
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*  Requirements  for  information  sharing, 

*  Funding  mechanisms  and  frameworks  for  conducting 
research, 

*  Establishment  of  a  secretariat  to  administer  the 
agreement,  and 

*  A  requirement  for  periodic  meetings  of  the  parties  to 
update  terms  of  the  agreement. 

While  the  effectiveness  of  a  particular  agreement  can  be  dif¬ 
ficult  to  measure,  the  fact  that  governments  have  agreed  to 
cooperate  in  so  many  ways  suggests  that  international  efforts  to 
protect  the  environment  have  evolved  substantially  since  1970. 

The  extent  of  formal  intergovernmental  arrangements  is  il¬ 
lustrated  by  the  list  of  140  international  treaties  and  other  agree¬ 
ments  in  the  field  of  the  environment  compiled  in  May  1989  by 
UNEP  and  included  as  Appendix  C  to  this  report.  Almost  two- 
thirds  of  these  agreements  were  signed  after  1970.  In  addition, 
many  other  regional  and  bilateral  agreements  have  addressed 
environmental  issues  indirectly.  Taken  together,  all  these  inter¬ 
national  agreements  today  help  manage  environmental  problems 
that  cross  national  borders. 


Multilateral  Agreements 

Since  the  early  1970s,  agreements  signed  by  a  number  of  nations 
have  addressed  species  protection,  ocean  pollution,  atmospheric 
pollution,  and  hazardous  wastes,  among  other  topics. 

Species  and  Habitats 

Biodiversity  refers  to  the  variety  and  variability  among  living  or¬ 
ganisms  and  the  ecological  complexes  in  which  they  occur.  The 
loss  of  biodiversity  is  a  serious  environmental — and  economic — 
concern.  Human  prosperity  is  based  very  largely  on  the  ability  to 
use  biological  diversity;  that  is,  to  take  advantage  of  the  proper¬ 
ties  of  plants,  animals,  fungi,  and  microorganisms  for  food,  cloth- 
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ing,  medicine,  and  shelter.  In  the  words  of  the  National  Science 
Foundation: 

The  extinction  event  that  we  are  witnessing  is  the  most 
catastrophic  loss  of  species  in  the  last  65  years.  Most 
importantly,  it  is  the  first  extinction  event  that  has  been 
caused  by  a  single  species,  one  that  we  hope  will  act  in  its 
own  self  interest  to  stem  the  tide. 

Unless  the  international  community  can,  indeed,  reverse 
the  trend,  the  rate  of  extinction  over  the  next  few  decades  is 
likely  to  rise  to  at  least  1000  times  the  normal  background 
rate  of  extinction,  and  will  ultimately  result  in  a  loss  of  a 
quarter  or  more  of  the  species  on  earthP 

Over  the  past  20  years,  several  international  agreements 
among  governments  have  attempted  to  preserve  species  and 
habitats.  In  addition,  other  t5rpes  of  international  action  can  help 
preserve  species.  Examples  are  intergovernmental  agreements 
for  fish  conservation  through  groups  like  the  Inter-American 
Tropical  Tuna  Commission,  and  the  development  of  international 
seed  banks  through  the  Food  and  Agriculture  Organization  (FAO) 
of  the  United  Nations.  The  UNEP  Regional  Sea  Program  also 
developed  a  number  of  protocols  on  special  protected  areas  and 
wildlife  under  regional  conventions. 

A  growing  loss  of  habitat  for  migratory  birds  led  to  the  Con¬ 
vention  on  Wetlands  of  International  Importance  with  the  focus 
on  waterfowl  habitat.  Concluded  in  Ramsar,  Iran,  in  1971,  the 
convention  required  international  designation  of  wetlands  and 
imposed  an  obligation  to  consider  the  preservation  and  conserva¬ 
tion  of  all  wetlands  having  international  importance  in  terms  of 
waterfowl  habitat,  marine  productivity,  or  flood  control. 

The  1973  Convention  on  International  Trade  in  Endangered 
Species  of  Wild  Fauna  and  Flora  (CITES)  controls  or  curbs  trade 
in  threatened  and  endangered  species.  It  has  achieved  success, 
for  example,  with  the  American  alligator  and  certain  spotted  cats. 

In  1989  it  was  used  to  curtail  international  traffic  in  ivory. 
CITES  was  the  end  result  of  efforts  begun  a  decade  earlier  by  the 
International  Union  for  the  Conservation  of  Nature  and  Natural 
Resources  that  were  supported  in  the  United  States  by  the  1969 
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passage  of  the  Endangered  Species  Conservation  Act.^  Member¬ 
ship  in  the  convention  is  open  to  all  nations,  whether  producers 
or  consumers  of  wildlife,  that  wish  to  reduce  the  impact  of  inter¬ 
national  trade  on  endangered  species.  CITES  protects  over  500 
species  of  animals  and  over  20,000  species  of  plants.^  It  prohibits 
or  very  strictly  limits  trade  in  those  endangered  species  listed  in 
Appendix  I  to  the  treaty,  and  regulates  those  plants  and  animals 
that  are  in  less  immediate  danger  but  are  still  threatened.  The 
Convention  on  the  Conservation  of  Migratory  Species  of  Wild 
Animals  was  concluded  in  Bonn  in  June  1979.  It  provides  a  broad 
framework  for  conservation  of  all  migratory  species,  with  em¬ 
phasis  on  those  in  need  of  particular  protection.  This  umbrella 
agreement  is  designed  to  encourage  nations  to  negotiate  regional 
or  bilateral  agreements  on  species  protection.  Sixty-three  nations 
participated  in  the  Bonn  conference,  but  the  United  States  did 
not  sign  because  of  the  ambiguous  definition  of  migratory  species 
in  the  convention.  In  October  1988  the  definition  was  tightened  to 
correct  the  ambiguity. 

The  1980  Convention  on  the  Conservation  of  Antarctic 
Marine  Living  Resources  was  designed  to  safeguard  the  Antarctic 
environment,  protect  the  integrity  of  the  seas  surrounding  An¬ 
tarctica,  and  preserve  its  marine  resources.  The  Convention  is  an 
outgrowth  of  the  Antarctic  Treaty  of  1959  that  reserves  An¬ 
tarctica  exclusively  for  peaceful  purposes  and  establishes  a  basis 
for  international  scientific  cooperation.  It  reflects  an  ecosystem¬ 
wide  approach  to  management  of  shared  resources  and  supple¬ 
ments  earlier  conservation  agreements.  In  1988  the  Antarctic 
Treaty  Parties  finished  negotiating  the  Convention  on  the 
Regulation  of  Antarctic  Mineral  Resource  Activities,  which  estab¬ 
lishes  a  regulatory  framework  for  the  consideration  of  proposed 
prospecting,  exploration,  and  development  of  antarctic  oil  and 
mineral  resources.  The  Minerals  Convention,  which  is  not  yet  in 
force,  prohibits  exploration  and  development  until  institutions 
established  under  the  Convention  agree  that  substantive  en¬ 
vironmental  and  information  standards  are  met. 

International  efforts  to  protect  whales  reached  fhiition  in 
1982  with  an  agreement  by  the  International  Whaling  Commis¬ 
sion  to  ban  all  commercial  whaling;  that  agreement  became  effec¬ 
tive  after  1985,  although  the  harvesting  of  certain  species  had 
been  limited  prior  to  that  time.  It  is  noteworthy  that  intemation- 
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al  initiatives  to  ban  whaling  began  as  far  back  as  the  League  of 
Nations  Convention  for  the  Regulation  of  Whaling  in  1931,  and  in 
1946  the  International  Whaling  Commission  (IWC)  was  estab¬ 
lished. 

The  1973  Agreement  on  the  Conservation  of  Polar  Bears^^ 
addresses  concerns  about  the  decline  of  the  polar  bear  as  a  result 
of  hunting.  The  United  States,  Soviet  Union,  Canada,  Denmark, 
and  Norway  Islands  are  parties  to  this  agreement  for  cooperation 
in  research  on  polar  bear  biology  and  controls  on  the  taking  of 
bears.  Other  efforts  include  the  International  Union  for  the  Con¬ 
servation  of  Nature  and  Natural  Resources  draft  for  a  possible 
biodiversity  convention,  the  UNEP  mandate  to  protect  biological 
diversity,  and  the  U.N.  Food  and  Agriculture  Organization  pro¬ 
gram  for  biodiversity. 

Oceans 

The  oceans  make  up  two-thirds  of  the  surface  area  of  the  planet. 
From  time  to  time,  msgor  pollution  incidents,  such  as  Torrey 
Canyon  (1967),  Amoco  Cadiz  (1978),  and  Exxon  Valdez  (1989), 
have  focused  the  attention  of  the  world  on  the  oceans  and  the 
need  to  establish  effective  international  measures  to  protect  the 
marine  environment. 

Following  the  Torrey  Canyon  spill  off  the  coast  of  England, 
the  International  Maritime  Consultative  Organization  (IMCO) — 
now  the  International  Maritime  Organization  (IMO) — convened 
a  conference  to  address  the  question  of  shipowner  liability  for  oil 
pollution  damage  and  the  right  of  governments  to  intervene  on 
the  high  seas  when  ship  casualties  threaten  to  pollute  the  coasts 
of  their  States  with  oil.  The  conference,  held  in  1969,  adopted  two 
conventions  for  these  purposes,  the  Convention  on  Civil  Liability 
for  Oil  Pollution  Damage  and  the  Convention  Relating  to  Inter¬ 
vention  on  the  High  Seas  in  Cases  of  Oil  Pollution  Casualties. 
The  conference  also  recognized  the  need  to  supplement  the 
shipowner’s  liability  with  an  international  fund,  and  called  for 
IMCO  to  convene  a  conference  to  develop  such  a  scheme.  In  1971 
IMCO  convened  such  a  conference,  which  adopted  the  ([Conven¬ 
tion  on  the  Establishment  of  an  International  Fund  for  Compen¬ 
sation  for  Oil  Pollution  Damage. 
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IMCO  recognized  the  need  to  improve  the  international 
regulatory  regime  to  prevent  pollution  from  ships.  It  convened  a 
Conference  in  1973  for  that  purpose  and  to  extend  the  application 
of  the  1969  Intervention  Convention  to  substances  other  than  oil. 
The  conference  adopted  the  Convention  for  the  Prevention  of  Pol¬ 
lution  from  Ships  (MARPOL)  and  the  Protocol  Relating  to 

Intervention  on  the  High  Seas  in  Cases  of  Marine  Pollution 
by  Substances  Other  than  Oil.  MARPOL  contains  five  annexes, 
each  directed  at  a  different  ship  source  pollution  problem: 

*  Annex  I,  pollution  by  oil; 

*  Annex  II,  pollution  by  noxious  liquid  substances  in  bulk; 

*  Annex  III,  pollution  by  packaged  harmful  substances; 

*  Annex  IV,  pollution  by  sewage;  and 

*  Annex  V,  pollution  by  ship  garbage. 

The  requirements  of  Annex  I  were  strengthened  at  the 
Tanker  Safety  and  Pollution  Prevention  Conference  convened  by 
IMCO  in  1978.  That  conference  adopted  amendments  to  the 
MARPOL  Annex  through  the  Protocol  Relating  to  the  Interna¬ 
tional  Convention  for  the  Prevention  of  Pollution  from  Ships  (as 
so  amended,  the  acron3rm  is  MARPOL  73/78)  and  supplemented 
those  amendments  through  the  Protocol  Relating  to  the  Conven¬ 
tion  on  the  Safety  of  Life  at  Sea. 

Annexes  I  and  II  entered  into  force  with  MARPOL  73/78.  An¬ 
nexes  III  and  IV  have  yet  to  enter  into  force.  However,  Annex  V 
entered  into  force  in  1988.  Among  other  things.  Annex  V  prohibits 
absolutely  the  disposal  at  sea  of  all  plastics;  it  is  considered  to  be 
an  important  contribution  to  international  efforts  to  deal  with 
the  problem  of  marine  debris. 

Largely  due  to  U.S.  efforts  and  the  devastation  following  the 
Amoco  Cadiz  spill  off  the  coast  of  France,  IMO  convened  a  con¬ 
ference  in  1984  to  revise  the  1969  Civil  Liability  Convention  and 
the  1971  Fund  Convention.  That  conference  adopted  the  Protocol 
of  1984  to  amend  the  International  (Donvention  on  Civil  Liability 
for  Oil  Pollution  Damage,  1969,  and  the  Protocol  of  an  Interna¬ 
tional  Fund  for  Compensation  for  Oil  Pollution  Damage,  1971. 
Those  Protocols  substantially  raise  the  compensation  available  to 
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governments  and  other  victims  of  tanker  source  oil  pollution  (up 
to  approximately  $260  million).  They  are  currently  before  the 
U.S.  Senate  for  advice  and  consent,  and  implementing  legislation 
is  being  considered  by  the  Congress. 

Ocean  dumping  of  wastes  was  the  subject  of  two  treaties  in 
the  early  1970s.  Under  the  Convention  on  the  Prevention  of 
Marine  Pollution  by  Dumping  of  Wastes  and  Other  Matters  (Lon¬ 
don  Convention  of  1972),  nations  agreed  to  regulate  all  ocean 
dumping  through  national  authorities.  No  diunping  is  allowed 
without  a  permit,  dumping  of  hazardous  substances  is  allowed 
only  pursuant  to  a  special  permit  issued  by  the  national 
authority,  and  other  materials  may  be  dumped  only  pursuant  to  a 
general  permit.  Before  issuing  a  permit,  national  authorities 
must  consider  various  environmental  criteria  listed  in  an  annex 
to  the  convention.  Certain  wastes  are  prohibited  from  sea  dis¬ 
posal,  such  as  high  level  radioactive  wastes. 

Whereas  the  London  Convention  may  be  generally  ap¬ 
plicable  to  high  seas,  the  Convention  for  the  Prevention  of  Marine 
Pollution  by  Dumping  from  Ships  and  Aircraft  (Oslo  Convention 
of  1972)  pertains  to  the  Northeast  Atlantic.  Both  treaties  contain 
annexes  that  specify  in  detail  the  items  regulated,  and  the  Oslo 
Convention  establishes  a  group  to  assess  the  effectiveness  of 
measures  taken.  By  providing  a  more  precise  meaning  to  each 
country’s  reasonable  regard  for  use  of  the  ocean,  these  conven¬ 
tions  are  "steps  toward  responsible  management  of  the  interna¬ 
tional  commons  of  the  oceans."^^ 

Land-based  sources  of  marine  pollution,  which  are  increas¬ 
ingly  recognized  as  a  threat  to  coastal  waters,  have  been  ad¬ 
dressed  at  the  regional  level  through  agreements  such  as  the 
1974  Paris  Convention  on  the  Prevention  of  Marine  Pollution 
from  Land-Based  Sources,  the  1974  Helsinki  Convention  on  the 
Protection  of  the  Marine  Environment  of  the  Baltic  Sea  Area,  and 
several  U.N.  Regional  Seas  agreements. 

Rules  related  to  the  sharing  of  ocean  resources  have  grown 
from  a  series  of  U.N.-sponsored  meetings  that  began  in  1970 
when  the  U.N.  General  Assembly  called  for  a  Law  of  the  Sea  Con¬ 
ference  to  stabilize  international  rules  governing  national  rights 
in  the  oceans  and,  particularly,  to  establish  a  set  of  rules  for 
mineral  exploration  and  exploitation  of  the  seabeds.  The  con¬ 
ference  also  was  to  consider  issues  concerning  the  high  seas,  the 
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continental  shelf,  the  territorial  sea,  and  contiguous  zones.  The 
zones  include  international  straits,  fishing  and  conservation  of 
the  living  resources  of  the  high  seas,  the  preservation  of  the 
marine  environment,  and  scientific  research.*® 

The  Law  of  the  Sea  Conference  began  with  an  organizational 
session  in  New  York  in  October  1973,  and  it  concluded  with  a 
final  session  in  New  York  in  1982.  Although  the  conference 
resulted  in  a  convention  that  manifested  substantial  internation¬ 
al  agreement  on  uses  of  oceans,  including  protection  of  the  ocean 
environment,  the  United  States  did  not  sign  it  because  of 
problems  with  the  deep  seabed  mining  provisions.  The  conven¬ 
tion  has  yet  to  be  brought  into  effect.  However,  the  United  States 
does  accept  and  act  in  accordance  with  substantive  provisions 
relating  to  matters  such  as  navigation,  obligations  to  prevent 
marine  pollution  including  pollution  from  vessels,  continental 
shelf  activities,  and  waste  disposal  at  sea.  In  general,  the  United 
States  regards  the  convention’s  provisions  on  protection  of  the 
marine  environment  as  reflective  of  customary  international  law. 

Regional  arrangements  to  protect  the  oceans  have  emerged 
out  of  the  U.N.  Regional  Seas  Program,  a  program  that  has 
promoted  the  protection  and  management  of  the  marine  environ¬ 
ments  and  coastal  areas  of  particular  water  basins.  The  program 
is  premised  upon  the  assumption  that  countries  in  a  particular 
region  share  a  common  interest  in  safeguarding  their  marine  en¬ 
vironment  and  have  mutual  need  for  sustainable  development  of 
marine  resources.  It  states: 

Coastal  waters,  estuaries,  and  enclosed  and  semi-enclosed 
seas  suffer  the  earliest  and  most  severe  degradation  from  the 
effects  of  urbanization,  industrialization,  agriculture, 
transportation,  and  other  human  activities,  while 
concurrently  containing  ecosystems  which  are  among  the 
highest  in  biological  productivity  (90  percent  of  the  marine 
catch  coming  from  such  areas).  These  waters  are  therefore 
logical  starting  points  for  combating  marine  pollution.  The 
regional  approach  allows  specific  priorities,  needs,  and 
capabilities  to  be  taken  into  account  in  the  formulation  of 
action  plans  designed  to  cope  with  the  environmental 
problems  of  the  oceans  as  a  whole?^ 
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Regional  sea  agreements  are  in  effect  for  10  sireas:  the 
Mediterranean  Sea,  the  Red  Sea  and  Gulf  of  Aden,  the  Kuwait 
region  of  the  Persian  Gulf,  the  West  and  Central  African  regions, 
the  East  Asian  seas,  the  Southeast  Pacific,  the  South  Pacific,  the 
Eastern  African  region,  the  Southwest  Atlantic,  and  the  wider 
Caribbean  region.  For  example,  in  1983  the  Convention  for  the 
Protection  and  Development  of  the  Marine  Environment  of  the 
'^der  Caribbean  Region  was  signed  at  Cartagena,  Colombia.  A 
Convention  for  the  Protection  of  the  Natural  Resources  and  En¬ 
vironment  of  the  South  Pacific  Region  was  agreed  to  in  Noumea, 
New  Caledonia,  in  1986,  but  it  is  not  yet  in  force. 


Atmosphere 

The  atmosphere  is  a  resource  shared  by  all  nations,  although 
certain  atmospheric  conditions  are  regional  and  particular  ef¬ 
fects  may  be  unevenly  distributed.  For  example,  acid  rain  was 
one  of  the  major  concerns  that  led  to  the  1979  ECE  Convention 
on  Long-Range  Transboundary  Air  Pollution  (LRTAP)  and  a  sub¬ 
sequent  protocol  for  cooperative  monitoring  and  evaluation.  Con¬ 
trols  on  certain  acidic  air  pollutants  were  developed  by  the 
Economic  Commission  for  Europe.  Ongoing  activities  under 
LRTAP  include  studying  the  effects  of  sulfur  compounds  on  the 
environment,  assessing  control  technologies,  monitoring  and 
evaluating  the  long-range  transmission  of  air  pollutants,  and 
reviewing  strategies  and  policies  for  the  abatement  of  air  pollu¬ 
tion  caused  by  sulfur  compounds. 

A  1985  protocol  commits  countries  to  reduce  sulfur  dioxide 
emissions  or  transboundary  fluxes  by  30  percent.  Because  of  sub¬ 
stantial  success  in  the  United  States  in  reducing  sulfur  emis¬ 
sions  prior  to  1980  and  because  the  United  States  would  not 
receive  credit  for  prior  actions,  the  United  States  did  not  sign 
this  protocol.  However,  the  United  States  did  sign  the  1988  ECE 
protocol  on  nitrogen  oxides  or  their  transboundary  fluxes,  and 
was  one  of  the  first  countries  to  submit  its  instrument  of  accep¬ 
tance.  The  main  provisions  of  the  1988  protocol  include: 

•  A  freeze  on  nitrogen  oxide  emissions  at  1987  levels  by 
December  31,  1994; 

•  The  use  of  best  available  technologies  on  new  sources, 
when  economically  feasible; 
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*  A  commitment  to  develop  a  follow-on  protocol  to  meet 
environmental  effects  control  standards,  instead  of 
emissions  control  standards  as  in  the  present  protocol, 
for  implementation  in  1996; 

*  The  exchange  of  information  on  control  technologies;  and 

*  Increased  availability  of  unleaded  gasoline  in  Europe. 
The  parties  to  LRTAP  have  also  established  working 
groups  on  abatement  strategies. 


Increases  in  certain  atmospheric  pollutants  have  led  to  con¬ 
cerns  about  depletion  of  the  ozone  layer  and  potential  rise  in 
global  temperatures.  The  stratospheric  ozone  layer,  which 
protects  the  earth  from  dangerous  ultraviolet  radiation,  is  being 
damaged  by  complex  chemical  reactions  stemming  from  the 
release  of  chlorofluorocarbons. 

The  1985  Vienna  Convention  for  the  Protection  of  the  Ozone 
Layer  completed  events  begun  a  decade  earlier.  In  1976  the 
UNEP  Governing  Coimcil  called  for  a  meeting  to  coordinate  ac¬ 
tivities  on  protecting  the  ozone  layer.  The  following  year,  the 
United  States  hosted  a  UNEP  experts  meeting — the  World  Con¬ 
ference  on  the  Ozone  Layer — that  recommended  a  plan  of  action 
and  established  a  Coordinating  Committee  on  Ozone  Layer  to 
conduct  an  annual  review  of  the  science.  The  work  of  the  commit¬ 
tee  helped  develop  the  eventual  international  agreement  at  Vien¬ 
na. 

In  Oslo  in  April  1980,  representatives  from  the  United 
States,  Canada,  Denmark,  the  Federal  Republic  of  Germany,  the 
Netherlands,  Norway,  Sweden,  and  the  European  Community  ac¬ 
knowledged  an  urgent  need  to  reduce  worldwide  CFC  emissions 
and  suggested  negotiating  an  international  convention.  In  May 
1981  the  UNEP  Governing  Council  established  a  working  group 
to  negotiate  a  convention  for  the  protection  of  the  ozone  layer. 
Negotiations  began  in  January  1982,  and  by  December  drafting 
of  the  convention  had  begun.  The  Convention  for  the  Protection  of 
the  Ozone  Layer  was  adopted  in  March  1985. 

The  Vienna  Convention  was  a  "framework  convention"  in 
that  it  provided  a  structure  by  which  the  parties  could  agree  on 
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specific  protocols  to  control  economic  activities  that  caused  ad< 
verse  effects  on  the  ozone  layer;  to  cooperate  on  research,  legal, 
scientific,  and  technical  issues;  and  to  convene  regular  meetings 
to  refine  the  convention.  The  convention  included  two  annexes, 
one  related  to  research  and  the  other  to  information  exchange. 

The  convention  did  not  specify  actions  to  reduce  the  global 
use  of  specific  chemicals  or  products.  Rather,  it  provided  for  the 
negotiation  and  possible  adoption  of  protocols  that  could  coor¬ 
dinate  regulatory  measures  considered  necessary  for  the  protec¬ 
tion  of  the  ozone  layer.  Efforts  to  agree  on  a  protocol  did  not 
succeed,  in  part  because  of  different  views  on  the  science  of  ozone 
layer  depletion,  its  environmental  implications,  and  the 
socioeconomic  implications  of  various  control  strategies.  Instead, 
the  conference  adopted  a  resolution  calling  for  interim  CFC  con¬ 
trols  and  a  socioeconomic,  scientific,  and  technical  workshop  to 
help  build  a  consensus  and  agree  on  a  date  certain  to  commence 
negotiations. 

The  Montreal  Protocol  on  Substances  that  Deplete  the  Ozone 
Layer  was  adopted  as  a  protocol  to  the  \^enna  Convention  in 
1987.  The  Montreal  Protocol  calls  for  a  freeze  in  CFC  consump¬ 
tion  at  1986  levels,  beginning  90  days  after  the  protocol  entered 
into  force,  which  was  January  1,  1989.  Reductions  of  20  percent 
from  1986  levels  are  required  by  July  1,  1993,  with  reductions  of 
50  percent  by  July  1,  1998.  Halon  consumption  is  frozen  at  1986 
levels  in  1992.  The  protocol  also  prohibits  trade  in  controlled  sub¬ 
stances  between  parties  and  nonparties;  phases  in  a  ban  on  im¬ 
ports  of  products  contsiining  controlled  substances;  prohibits 
parties  from  providing  nonparties  with  financial  assistance  to 
produce  controlled  substances;  and  allows  developing  countries 
that  are  parties  to  increase  their  consumption  of  controlled  sub¬ 
stances  for  up  to  10  years  to  meet  basic  domestic  needs,  provided 
they  do  not  exceed  0.3  kg  per  capita  annual  consumption. 

The  protocol  is  not  static.  Because  of  many  scientific  uncer¬ 
tainties,  it  calls  for  reassessments  of  provisions  on  a  regular 
basis.  The  first  of  these  reassessments  will  occur  in  1990  based  on 
studies  conducted  during  1989.  Should  new  data  warrant  it,  ad¬ 
justments  may  be  made  to  the  amount  and  timing  of  the  reduc¬ 
tions  mandated  by  the  protocol,  and  other  chemicals  may  be 
controlled. 
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The  value  of  regularly  scheduled  reassessments  of  the 
Montreal  Protocol  can  be  seen  from  the  first  meeting  of  the  Par¬ 
ties  to  the  Montreal  Protocol  held  in  May  1989  in  Helsinki.  In  the 
period  between  the  signing  of  the  protocol  and  this  Meeting  of  the 
Parties,  accumulated  scientific  evidence  indicated  that  a  50-per¬ 
cent  reduction  in  CFG  consumption  would  not  be  sufficient  to 
protect  the  ozone  layer  and  that  further  reductions  were  needed. 
Therefore,  delegates  to  the  Helsinki  meeting  called  for  the 
elimination  of  CFCs  by  the  year  2000,  provided  safe  substitutes 
were  available.  The  delegates  also  established  working  groups  to 
develop  proposals  for  strengthening  the  protocol  and  recommen¬ 
dations  on  financial  and  other  mechanisms  to  assist  developing 
countries  in  implementing  it. 

The  working  groups  held  their  first  meeting  in  Nairobi  in 
August  1989,  the  second  in  November  1989,  and  the  third  in 
February  1990.  They  will  make  recommendations  to  the  protocol 
parties  at  the  second  Meeting  of  the  Parties  in  June  1990  in  Lon¬ 
don.  At  the  August  meeting,  the  Working  Group  on  Financial  As¬ 
sistance  recommended  a  series  of  country-specific  studies  to 
determine  overall  needs  of  developing  countries.  It  also  called  for 
a  study  of  the  potential  role  of  both  new  and  existing  funding  in¬ 
stitutions  or  mechanisms  to  assist  in  the  transfer  of  needed  tech¬ 
nology  to  developing  countries. 

Hazardous  Wastes 

The  1989  Basel  Convention  on  the  Control  of  Transboundary 
Movements  of  Hazardous  Wastes  and  Their  Disposal  arose  from 
UNEP-sponsored  negotiations.  It  drew  extensively  on  OECD 
work  and  supports  ongoing  OECD  activity.  Fimdamental  ele¬ 
ments  of  the  convention  are  notice  and  consent  requirements. 
This  convention  recognizes  the  problems  eissociated  with  hazard¬ 
ous  wastes  and  takes  the  most  significant  step  toward  interna¬ 
tional  control  of  waste  movement  that  has  occurred  since  the 
1970s. 

The  transboundary  movements  of  hazardous  wastes  can  pose 
significant  threats  to  health  and  the  environment,  if  receiving 
countries  lack  the  capacity  to  manage  or  dispose  of  wastes  in  an 
environmentally  sound  manner.  Thus  parties  to  the  Basel  Con¬ 
vention  must  require  that  wastes  to  be  exported  are  managed  in 
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an  environmentally  sound  manner.  Exports  of  hazardous  wastes 
are  prohibited,  despite  an  importing  party’s  consent,  if  there  is 
reason  to  believe  environmentally  sound  management  will  not 
occur.  Banned  are  exports  to  and  imports  from  nonparties,  unless 
pursuant  to  a  bilateral  agreement  that  comports  with  the  conven¬ 
tion.  Convention  controls  also  extend  to  wastes  not  designated  as 
hazardous,  such  as  incinerator  ash  and  household  garbage.  It 
also  prohibits  any  shipment  of  hazardous  waste  to  Antarctica. 
The  United  States  signed  the  Basel  Convention  in  March  1990. 

World  Heritage 

A  World  Heritage  Trust  was  formally  proposed  by  President 
Richard  Nixon  in  1971  and  has  since  been  agreed  to  by  over  100 
nations.  In  response,  at  its  fall  1972  meeting  in  Paris,  the 
General  Conference  of  the  United  Nations  Educational,  Scien¬ 
tific,  and  Cultural  Organization  (UNESCO)  adopted  the  conven¬ 
tion  on  the  Protection  of  the  World  Cultural  and  Natural 
Heritage.  This  treaty  for  preservation  and  restoration  of  the  out¬ 
standing  cultural  and  natural  areas  of  the  world  relies  on  a  list 
established  by  the  World  Heritage  Committee  and  World 
Heritage  Fund.  Despite  relatively  limited  finances,  the  conven¬ 
tion  has  served  as  a  catalyst  for  preservation  of  areas  whose  loss 
would  be  irreparable. 

Environmental  Modifications 


In  the  early  1970s  the  ability  of  modem  science  to  modify 
weather  led  to  increased  concerns  that  such  modifications  be 
conducted  solely  for  peaceful  purposes.  The  dangers  of  environ¬ 
mental  modification  for  military  purposes  were  especially  dis¬ 
turbing.  The  (Convention  on  the  Prohibition  of  Military  or  any 
other  Hostile  Use  of  Environmental  Modification  Tschniques  was 
adopted  in  New  York  in  1976.  Parties  agree  not  to  use  environ¬ 
mental  modification  techniques  having  widespread,  long-lasting, 
or  severe  effects  as  the  means  of  destruction,  damage,  or  iiyury 
to  other  parties,  or  to  assist  another  state  to  do  so. 
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North  American  Regional  Arrangements 

In  1920  international  environmental  issues  affecting  the  North 
American  continent  were  largely  related  to  U.S.  boundary 
waters  with  Canada  emd  Mexico.  At  different  times  the  quantity 
of  available  water  and  the  quality  of  that  water  caused  interna¬ 
tional  concerns.  Distributing  the  available  water  flow  between 
the  neighboring  countries  has  required  continuous  attention 
since  the  early  years  of  this  century. 

In  the  1970s  several  kinds  of  pollution  issues  were  added  to 
the  agenda.  The  threat  to  the  Great  Lakes  was  one  of  the  first 
mqjor  transboundary  environmental  crises  to  attract  widespread 
public  attention.  In  1972  the  Great  Lakes  Water  Quality  Agree¬ 
ment  was  concluded  with  Canada;  it  has  been  amended  twice  to 
focus  on  new  issues  like  toxics  and  to  enlarge  its  scope  to  the  en¬ 
tire  ecosystem.  As  a  result,  the  immediate  threat  of  eutrophica¬ 
tion  was  avoided,  but  not  toxic  contamination.  (See  Chapter  8  of 
this  report  for  a  more  detailed  discussion  of  the  Great  Lakes.) 

During  the  1970s  Mexico  and  the  United  States  became  con¬ 
cerned  about  the  quantity  of  water  being  apportioned  from  the 
Colorado  and  Rio  Grande  Rivers.  The  subsequent  increase  in  sur¬ 
face  water  salinity  led  ultimately  to  an  agreement  to  build  a  large 
desalinization  facility  on  the  U.S.-Mexican  border. 

In  the  early  1980s  U.S.  and  Mexican  concerns  over  border  is¬ 
sues  led  Presidents  Reagan  and  De  La  Madrid  to  sign  an  Agree¬ 
ment  for  Cooperation  on  Environmental  Programs  and  Trans¬ 
boundary  Problems.  It  provides  a  broad  framework  to  address 
common  border  environmental  problems  such  as  copper  smelters, 
urban  air  quality,  and  spills  of  hazardous  materials.  This 
cooperation  has  been  extended  to  efforts  to  protect  Mexico  City’s 
environment  under  an  agreement  signed  in  October  3,  1989,  at 
the  U.S.-Mexican  Summit. 

A  number  of  other  issues  with  more  localized  impacts  have 
occupied  the  attention  of  the  United  States  and  its  neighbors,  for 
example  the  Garrison  Diversion  on  the  Canadian  border  and  pol¬ 
lution  of  the  Tijuana  River  on  the  Mexican  border.  As  authorized 
by  the  U.S.  Congress  in  1965,  the  Garrison  Diversion  would  have 
diverted  water  from  the  Missouri  River  through  a  large  irrigation 
development  into  the  Hudson  Bay  Drainage  Basin.  The  Intema- 
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tional  Joint  Commission  called  the  dispute  over  this  project  "one 
of  the  most  difficult  and  intricate  issues  the  Commission  has  ever 
been  asked  to  consider."®®  Canada  argued  that  the  project  would 
transfer  biota,  such  as  fish,  fish  eggs,  and  parasites,  fish  diseases, 
and  nitrogen  into  Canadian  waters.  Only  a  portion  of  the  original 
plan  has  been  executed. 

Through  the  Tijuana  River,  the  United  States  receives  pollu¬ 
tion  from  the  Mexican  border  city  of  T^uana,  which  has  limited 
sewage  and  wastewater  treatment.  The  issue  has  been  discussed 
repeatedly  between  the  two  countries  in  the  International  Boimd- 
ary  Waters  Commission.  One  treatment  plant  was  built  in  1962; 
a  second  one,  funded  in  1987,  will  lead  to  improvements.  In  1980 
as  part  of  the  DCTOC  offshore  drilling  incident,  the  United  States 
and  Mexico  signed  an  agreement  on  marine  pollution  contingency 
planning  to  deal  with  spills  of  oil  and  other  hazardous  substances 
at  sea. 

In  1986  United  States  and  Canada  signed  an  agreement, 
known  as  the  North  American  Waterfowl  Management  Plan,  to 
restore  the  continent’s  waterfowl  populations  to  the  numbers 
that  had  occurred  in  the  early  1970s.  In  December  1989  President 
Bush  signed  the  North  American  Wetlands  Protection  Act,  which 
authorized  funding  to  implement  the  objectives  of  the  plan.  Ad¬ 
ministered  from  the  United  States  by  the  DOI/Fish  and  Wildlife 
Service,  the  plan  uses  the  concept  of  "joint  ventures"— coopera¬ 
tive  efforts  with  states,  business,  and  industry,  conservation  or¬ 
ganizations,  and  private  landowners  in  both  counties — to  protect 
and  restore  wetland  habitats.  The  plan  has  targeted  more  than  5 
million  acres  of  key  waterfowl  habitat  for  protection  through 
designation  of  critical  areas,  providing  incentives  to  private  land- 
owners  for  restoration  of  wetlands,  and  improving  habitat  on  ex¬ 
isting  wildlife  refuges,  military  lands,  and  other  public  lands. 

Over  the  past  20  years,  Canada  and  the  United  States  have 
become  increasingly  concerned  over  the  environmental — and  dip¬ 
lomatic — fallout  from  acid  rain.  Despite  U.S.  measures  to  reduce 
acidif3dng  emissions  through  the  Clean  Air  Act  Amendments  of 
1977,  Canada  continued  to  object  to  acidic  air  pollutants  that 
were  emitted  in  the  United  States  and  deposited  in  Canada. 
There,  acidifying  pollutants  were  believed  to  exceed  the  absorp¬ 
tive  capacity  of  Canadian  lakes  and  forests,  which  generally  are 
more  susceptible  to  acidification  than  many  of  those  in  the 
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United  States.  The  two  countries  disagreed  over  the  extent  and 
likely  future  impacts  of  acid  rain. 

In  1979  the  two  countries  signed  a  Memorandum  of  Intent  to 
set  up  a  cooperative  scientific  process  that  was  to  lay  the 
groundwork  for  a  future  agreement  on  controls.  Then  in  1980  the 
U.S.  Congress  passed  legislation  establishing  a  10-year  acid  rain 
research  program.  That  program,  which  has  invested  about  $500 
million  in  acid  rain  studies  over  the  past  decade,  is  now  drawing 
to  a  close,  and  President  Bush  has  announced  proposed  amend¬ 
ments  to  the  Clean  Air  Act  that,  among  other  things,  would  cut 
acidic  air  pollutants  by  nearly  half.  In  late  1989  discussions  were 
initiated  between  the  two  countries  to  conclude  an  air  quality  ac¬ 
cord. 


Other  Bilateral  Agreements 

Besides  its  cooperative  activities  with  its  North  American  neigh¬ 
bors,  the  United  States  has  entered  into  a  range  of  international 
agreements  outside  this  continent  regarding  environment-re¬ 
lated  matters.  The  agreements  include  formal  arrangements 
with  other  governments  and  less-formal  activities  with  both  mul¬ 
tinational  and  nongovernmental  organizations 

Before  1970  the  United  States  had  entered  into  few  environ¬ 
mental  bilateral  agreements  with  countries  outside  of  North 
America.  However,  beginning  in  the  early  1970s,  international 
cooperative  efforts  began  to  grow.  President  Nixon  and  President 
Podgomy  of  the  Soviet  Union  signed  a  historic  environmental 
agreement  on  May  23, 1972.  That  agreement  extends  cooperative 
U.S.-Soviet  activities  in  11  problem  areas,  including  air  and 
water  pollution,  the  urban  environment,  the  influence  of  environ¬ 
mental  change  on  climate,  earthquake  prediction,  arctic  and  sub¬ 
arctic  ecological  systems,  and  legal  and  adminstrative  measures. 
Over  the  years,  the  number  of  cooperative  projects  has  grown  sig¬ 
nificantly,  and  the  agreement  has  ongoing  importance  to  bilateral 
environmental  protection  efforts. 

The  significance  of  U.S.-Soviet  bilateral  cooperation  was 
dramatized  by  several  catastrophic  events  during  the  past  few 
years.  After  the  Armenian  earthquake  of  December  1988  and  the 
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Loma  Prieta  earthquake  of  October  1989,  joint  U.S.-Soviet  re¬ 
search  teams  were  dispatched  to  the  disaster  sites.  And  in  the 
days  following  the  March  1989  Exxon  Valdez  oil  spill,  U.S.-Soviet 
bilateral  contacts  helped  facilitate  Exxon’s  use  of  a  Soviet  oil- 
skimming  vessel.  At  the  January  1990  meeting  of  the  U.S.-Soviet 
Joint  Committee,  which  oversees  the  bilateral  agreement,  the 
number  of  separate  m£gor  topic  areas  grew  to  12,  with  a  total  of 
over  45  specific  projects.  The  participants  also  examined  the  pos¬ 
sibility  of  significantly  increasing  the  amount  and  level  of  par¬ 
ticipation  by  both  U.S.  and  Soviet  nongovernmental  organi¬ 
zations. 

Other  agreements  were  concluded  in  the  early  1970s  with 
the  European  Community,  Spain,  the  Federal  Republic  of  Ger¬ 
many,  Japan,  several  Eastern  European  countries,  India,  Pakis¬ 
tan,  Tunisia,  and  Egypt.  Agreements  were  signed  with  Panama 
and  several  South  American  governments  as  well.  Ministerial 
conferences  were  held  with  Japan  as  early  as  1970,  1971,  and 
1973  to  focus  on  environmental  issues  such  as  solid  waste 
management,  marine  resources,  forestry,  and  national  parks. 

U.S.  federal  agencies  support  a  number  of  environmental 
bilateral  agreements.  Because  the  environment  touches  many 
aspects  of  international  relations,  and  because  the  international 
responsibilities  of  the  agencies  are  so  diverse,  it  would  be  difficult 
to  describe  fully  the  complete  range  of  their  environmental 
bilateral  activities.  Moreover,  many  international  programs  es¬ 
tablished  for  other  purposes  could  be  viewed  as  environment-re¬ 
lated. 

Federal  agencies  such  as  the  National  Science  Foundation 
(NSF),  the  Environmental  Protection  Agency  (EPA),  the  U.S. 
AgenQT  for  International  Development  (USAID),  the  Peace  Corps, 
and  the  Departments  of  Commerce,  Energy,  Agriculture,  Interior, 
and  Health  and  Human  Services  are  engaged  in  bilateral  en¬ 
vironmental  activities.  Such  activities  include  the  development  of 
pollution  cleanup  and  prevention  technology,  scientific  training, 
public  health  assistance,  economic  aid,  and  the  exchange  of  infor¬ 
mation  on  environmentally  sound  energy  technologies. 

The  number  and  kinds  of  international  environmental  ac¬ 
tivities  continue  to  grow,  stimulated  most  recently  by  the  sweep¬ 
ing  political  changes  in  Eastern  Europe.  In  1989  President  Bush 
visited  Poland  and  Hungary  and  proposed  expanded  bilateral  as- 
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sistance,  subsequently  embodied  in  Public  Law  101-179,  the  Sup¬ 
port  for  East  European  Democracy  (SEED)  Act  of  1989.  Among 
the  proposed  initiatives  were  three  for  Poland  to  assist  in  retrofit¬ 
ting  an  existing  coal-fired  plant,  establishing  an  air  quality 
monitoring  network,  and  improving  water  quality  and  avail¬ 
ability  in  Krakow.  For  Hungary,  the  President  proposed  a  private 
regional  environmental  center  in  Budapest,  funded  by  public  and 
private  funds,  that  would  develop  a  broad  human  resource  base 
for  comprehensive  environmental  improvement  and  protection 
activities  in  the  region. 

Table  7-5  lists  the  current  bilateral  agreements  that  EPAhas 
entered  into  since  1970,  either  individually  or  as  the  lead  agency 
for  the  United  States.  The  table  does  not  include  arrangements 
with  multilateral  organizations  such  as  the  European  Com¬ 
munity.  These  two  dozen  agreements,  representing  a  range  of  en¬ 
vironmental  assistance  activities,  exemplify  how  much 
environmental  interactions  by  the  federal  government  with 
foreign  governments  have  increased  over  the  past  20  years. 


Economic  Summit,  Paris,  1989:  A 
Case  Study  of  International  and 
Domestic  Action 


The  annual  economic  summit  of  seven  industrialized  nations, 
known  as  the  "G-7,"  includes  the  leaders  of  Canada,  the  Federal 
Republic  of  Germany,  France,  Italy,  Japan,  the  United  Kingdom, 
and  the  United  States,  with  participation  by  the  European  Com¬ 
munity.  Summits  in  the  1980s  began  to  give  attention  to  environ¬ 
mental  issues.®^  The  July  1989  Paris  "Summit  of  the  Arch"  high¬ 
lighted  international  environmental  concerns  about  atmospheric 
pollution  and  climate  change,  the  status  and  management  of  the 
earth’s  forests  and  oceans,  and  interrelated  technological  and 
economic  issues.  In  fact,  environmental  issues  constituted  fully 
one-third  of  the  Paris  Summit  Declaration. 


Table  7-5. — U.S.  Environmental  Protection  Agency  Bilateral  Agreements, 
1972-89. _ 

COUNTRY  DATE _ PROJECT  TYPE _ 

Argentina  1989  Ozone  in  upper  atmosphere  study. 

Brazil  1 986  Agreement  to  provide  technical  assistance  to  CETESB,  Sao  Paulo 
state  pollution  control  agency;  formal  agreement  pending. 

Canada  1978  US-Canadian  governmental  agreement  for  restoration  and 

maintenance  of  the  chemical,  physical,  and  biological  integrity  of 
the  waters  of  the  Great  Lakes  Basin  ecosystem. 

1 985  A  MOD  outlines  a  plan  of  cooperative  measures  for  dealing  with 

accidental  releases  of  pollutants  which  cause,  or  may  cause, 
damage  along  the  border,  and  constitute  a  threat  to  public 
health,  property  or  welfare;  a  Joint  Contingency  Plan  is  being 
developed. 

Activities  include  pollution  measurement  and  control,  research  and 
development  and  improved  technologies  and  systems  for 
pollution  control. 

1 986  A  MOD  provides  for  export,  import,  and  transit  of  hazardous 

wastes  across  the  boundary  for  treatment,  storage,  or  disposal. 

China  1980  US-PRC  Protocol  on  Environmental  Cooperation  (5-year  renewals) 
involves  five  ongoing  projects  under  two  annexes  on  aquatic 
effects  of  environmental  pollution;  health  research  (lung  cancer; 
modeling  of  air  pollution  transport  and  transformation;  water 
pollution  transport;  and  pollution  of  soil  and  groundwater.  A  sixth 
project,  environmental  management,  under  the  newly  signed  4th 
Annex,  is  in  planning. 

Germany  1 974  Governmental  agreement,  five-year  automatic  renewal,  with  EPA 
and  Ministry  of  Environment,  Nature  Protection,  and  Reactor 
Safety  as  the  lead  agencies;  broad  range  of  cooperation  on  auto 
emissions,  acid  deposition,  economic  incentives,  improved 
regulatory  approaches,  hazardous  waste  management  and 
enforcement,  chemical  substances,  pesticides,  radiation,  water 
pollution  control,  technologies  for  control  of  air  pollution  from 
stationary  sources,  protection  of  drinking  water,  and  soil 
pollution. 

India  1986  EPA  works  with  environmental  authorities  of  the  Indian 

Government  under  the  US-India  Fund;  principal  project  is  the 
Ganges  River  cleanup;  two  joint  toxicology  research  projects  are 
being  formulated.  EPA  is  reviewing  two  project  proposals  by 
NEERI. 

Italy  1987  At  Italian  request,  EPA  concluded  a  formal  MOD  with  the  newly 

established  Ministry  of  Environment;  subsequent  governmental 
reorganization  has  precluded  implementation;  ongoing  contacts 
exist  in  the  fields  of  dioxin  control,  wastewater  management, 
and  solid  waste  management,  and  recycling. 

Japan  1975  Self-renewing  governmental  agreement  on  environmental 

protection;  15  projects  cover  a  range  of  issues  including  mobile 
and  stationary  source  control,  hazardous  waste  management, 
wastewater  treatment,  drinking  water  protection,  and 
management  of  contaminated  bottom  sediments. 

Korea  1987  A  MOD  between  EPA  and  Korea  Environment  Agency  was  signed 
November  2,  1 987  but  does  not  enter  into  force  until  the 
umbrella  US-ROK  Science  and  Technology  agreement  is 
signed.  Seven  subjects  for  exchange  were  discussed  at  the 
1987  meeting  but  none  are  underway. 
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Table  7-5.— U.S.  Environmental  Protection  Agency  Bilateral  Agreements, 
1972-89  (cont.). _ 

COUNTRY  DATE _ PROJECT  TYPE _ 

Mexico  1 988  US-Mexican  governmental  agreement  for  cooperation  in  the 

protection,  improvement,  and  conservation  of  the  border 
environment;  specific  programs  are  outlined  in  annexes  to  the 
agreement:  1 .  Solution  of  the  border  sanitation  problem  at  San 
Diego  and  Tijuana;  2.  Cooperation  on  discharges  of  hazardous 
wastes  along  the  border;  3.  Cooperation  on  transboundary 
shipment  of  hazardous  substances;  4.  Cooperation  on 
transboundary  air  pollution  from  copper  smelters;  5.  Cooperation 
on  urban  air  quality. 

1 989  US-Mexican  governmental  agreement  on  cooperation  in  protecting 
Mexico  City's  environment. 

Netherlands  1985  Self-renewing  MOU  between  EPA  and  the  Ministry  of  Housing, 

Physical  Planning,  and  Environment.  Covers  the  same  range  of 
topics  as  the  US-FRG  agreement.  EPA  and  the  Ministry 
cosponsored  a  major  international  symposium  on  ozone,  the 
third  in  a  series  of  triennial  symposia  on  major  air-related 
issues. 

Nigeria  1980  A  MOU  between  EPA  and  Ministry  of  Housing  for  general 
environmental  cooperation. 

Poland  1987  Agreement  between  EPA  and  the  Ministry  of  Environment  which 
may  cover  air  and  water  pollution,  hazardous  waste 
management,  effects  of  pollutants  on  flora  and  fauna,  radiation, 
health  effects  of  pollutants,  and  environmental  management  and 
planning.  EPA  also  participates  in  the  US-Poland  agreement  on 
Science  and  Technology  Cooperation,  and  is  developing 
projects  on  health  effects,  radiation,  and  hazardous  waste 
management. 

USSR  1972  CEO  and  the  GOSKOMGIDROMET  and  now  EPA  and 

GOSKOMPRIRODA  are  lead  agencies  for  this  self-renewing 
governmental  agreement;  projects  cover  the  areas  of  air  and 
water  pollution,  urban  environments  and  park  management, 
nature  protection,  pollution  associated  with  agricultural  practices, 
marine  pollution,  environmental  effects  on  climate,  earthquake 
prediction,  environmental  education,  and  legal  and 
administrative  measures. 

UK  1986  Exchange  of  information  regarding  management  of  hazardous 

wastes  and  acid  deposition. 

World  Heritage  Convention;  conservation  of  protected  landscapes, 
undeveloped  coastline,  and  privately  owned  land;  development 
of  long  distance  trails  and  voluntary  conservation  organizations; 
environmental  education;  and  role  of  public  and  private  sectors 
in  conservation. 

_ MOU  on  Environmental  Cooperation. _ 

Note:  MOU  =  Memorandum  of  Understanding. 


313 


19  70  E\’VIRO\'MF\'TAL  QUALITY  1990 


The  Paris  Summit  recommended  increased  international 
coordination  and  the  implementation  of  several  new  activities. 
An  examination  of  recommendations  illustrates  the  extent  to 
which  ongoing  U.S.  government  activities  are  related  to  interna¬ 
tional  environmental  protection.  (See  Appendix  D  for  the  full 
text  of  the  environmental  declarations  from  the  Economic  Sum¬ 
mit,  Paris,  1989.) 


Atmospheric  Pollution  and  Global 
Climate  Change 


■  Summit  recommendations: 

□  Strengthening  the  Montreal  Protocol  on  Substances  that 
Deplete  the  Ozone  Layer  through  the  imposition  of  a  total 
ban  on  the  production  of  chlorofluorocarbons  (CFCs)  by 
the  year  2000. 

□  Giving  specific  attention  to  ozone-depleting  substances 
not  already  covered  by  the  Montreal  Protocol  and 
developing  suitable  CFG  replacements. 

□  Curbing  greenhouse  gas  emissions,  acid  rain,  and 
deforestation;  and  increasing  bilateral  and  multilateral 
activities  aimed  at  curbing  emissions  of  sulfur  dioxide 
and  other  contributors  to  acid  rain. 

□  Improving  energy  conservation  and  energy  efficiency  to 
limit  emissions  of  carbon  dioxide  (CO2),  one  of  the 
"greenhouse  gases,"  and  examining  alternatives  to  fossil 
fuels,  such  as  a  new  generation  of  nuclear  power  plants. 

□  Increasing  scientific  efforts  to  provide  a  more  precise 
understanding  of  the  processes  and  extent  of  global 
climate  change  and  expanding  climate  monitoring  efforts. 

□  Supporting  the  work  of  the  Intergovernmental  Panel  on 
Climate  Change  (IPCC),  urging  broader  international 
participation,  and  recommending  a  framework 
convention  on  prevention  of  climate  change. 
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U.S.  agencies  have  underway  a  variety  of  activities  that  sup¬ 
port  the  recommendations.  As  follow-up  to  the  Montreal  Protocol, 
the  Environmental  Protection  Agency  (EPA)  is  working  with  in¬ 
dustry  to  find  alternatives  to  CFCs.  EPA  also  is  working  with 
selected  developing  countries  to  determine  their  needs  for  con¬ 
verting  to  CFC  substitutes  and  alternative  technologies.  The 
Department  of  Energy  (DOE)  is  considering  the  economic  and 
energy  impacts  of  phasing  out  both  CFCs  and  halons. 

Regarding  greenhouse  gas  emissions  and  climate  change, 
the  United  States  participates  extensively  in  the  IPCC  and  has 
supported  other  multilateral  efforts  for  the  study  of  climate 
change.  In  response  to  a  U.S.  proposal,  the  International  Energy 
Agency  is  studying  the  relationship  between  environmental  is¬ 
sues  and  energy  concerns  and  the  impact  of  various  policy 
responses  to  climate  change  on  energy  markets.  DOE  activities 
include  evaluating  policies  and  programs  to  reduce  greenhouse 
gas  emissions  and  to  mitigate  or  adapt  to  climate  change;  ac¬ 
celerating  research  activities  to  better  understand  the  factors  af¬ 
fecting  climate  change;  and  promoting  research,  development, 
and  deployment  of  new  energy  technologies.  An  important  DOE 
contribution  will  be  the  National  Energy  Strategy  slated  for  com¬ 
pletion  by  late  1990. 

Other  U.S.  agencies,  particularly  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA),  broadly  support  interna¬ 
tional  climate  monitoring  programs.  Such  programs,  carried  out 
primarily  by  the  World  Meteorological  Organization,  offer  greater 
precision  in  assessing  and  predicting  current  and  future  climatic 
conditions. 


Forest  Preservation  and  Management 

■  Summit  recommendations: 

□  Encouraging  relevant  information  organizations  to 
complete  reports  on  the  state  of  the  world’s  forests. 

a  Protecting  biodiversity  and  rare  species  native  to  tropical 
forests  and  the  traditional  rights  to  land  and  other 
resources  of  local  communities  through  sustainable  use. 
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□  Adopting  sustainable  forest  management  techniques, 
implementing  the  TVopical  Forestry  Action  Plan  (TFAP), 
and  supporting  financial  and  technical  cooperation  to 
save  tropical  forests. 

a  Protecting  temperate  forests,  as  well  as  surrounding 
streams,  rivers,  and  lakes,  from  acidic  rainfall. 

The  United  States  has  long  supported  international  forest 
preservation  and  management,  and  federal  agencies  have  been 
involved  in  international  efforts  to  promote  conservation  and  sus¬ 
tainable  use  of  tropical  forests.  The  United  States  participated 
with  the  world’s  tropical  timber  producing  and  consuming  na¬ 
tions  to  form  the  International  Tropical  Timber  Organization 
(ITTO),  the  first  international  commodity  agreement  to  have  a 
conservation  mandate.  Research  on  natural  forest  management 
for  the  sustainable  production  of  timber  is  an  ITTO  priority. 

The  Department  of  State,  the  USDA/Forest  Service,  and  U.S. 
AID  are  participating  in  the  Committee  on  Forestry  of  the  U.N. 
Food  and  Agriculture  Organization  (FAO).  U.S.  AID  and  other 
U.S.  agencies  assisted  in  the  development  of  the  global  Tropical 
Forestry  Action  Plan  (TFAP)  developed  under  the  auspices  of 
FAO,  the  World  Bank,  the  U.N.  Development  Program,  and  the 
World  Resources  Institute.  Under  that  plan,  donors  and  host- 
country  governments  will  conduct  forestry  sector  reviews  in  more 
than  60  countries  within  the  next  seven  years.The  United  States 
also  is  participating  in  follow-up  efforts  to  the  International 
Tropical  Forestry  Strategy  Conference,  held  in  July  1987  to  fur¬ 
ther  TFAP  objectives,  and  to  a  subsequent  international  task 
force  sponsored  jointly  by  the  U.N.  Development  Program,  the 
World  Bank,  and  the  Rockefeller  Foundation  to  examine  mecha¬ 
nisms  for  strengthening  forestry  research  throughout  the  tropics. 

In  addition,  the  U.S.  Department  of  Agriculture  is  assessing 
the  potential  of  trade  in  forest  products  to  assist  reforestation  in 
Argentina  and  reforestation  and  afforestation  programs  in  many 
U.S.  national  forests.  The  DOI/Bureau  of  Land  Management  is 
undertaking  reforestation  projects  on  over  160,000  acres  in  the 
United  States,  including  projects  on  80,000  acres  of  Indian  lands. 

U.S.  AID  efforts  in  forestry  included  150  projects  worldwide, 
including  funding  for  agroforestry,  reforestation,  natural  forest 
management,  fuelwood  production,  and  research.  The  agency 
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also  is  helping  countries  formulate  improved  natural  resource 
management  policies  and  development  of  population  policies  to 
stabilize  population  increases  that  threaten  the  fiielwood  poten¬ 
tial  of  forests.  On  an  annual  basis,  about  28  percent  of  total 
forestry  funding  supports  reforestation. 

The  United  States,  as  chair  of  the  IPCC  Response  Strategies 
Working  Group,  has  assisted  in  the  activities  of  the  Agriculture, 
Forestry,  and  Other  Human  Activities  Subgroup  (AFOS),  which 
include  workshops  on  problems  of  temperate,  tropical,  and  boreal 
forests. 


The  World's  Oceans 

■  Summit  recommendations: 

a  Better  international  cooperation  in  developing  and 
adhering  to  conventions  regarding  the  prevention  and 
cleanup  of  maritime  oil  spills. 

□  International  Maritime  Organization  (IMO)  leadership  of 
international  efforts  related  to  oil  spills,  and  relevant 
U.N.-based  groups  to  produce  a  comprehensive  report  on 
the  state  of  the  world’s  oceans. 

The  U.S.  Coast  Guard  met  with  its  counterparts  from  the 
other  G-7  nations  to  draft  resolutions  that  were  proposed  at  the 
October  1989  meeting  of  the  IMO  in  London.  IMO  accepted  both 
resolutions — one  concerning  oil  spill  prevention  practices,  and 
the  other  calling  for  a  November  1990  conference  devoted  to 
negotiation  of  a  global  oil  spill  preparedness  and  response  con¬ 
vention. 

The  DOC/NOAA  National  Ocean  Pollution  Policy  Board 
(NOPPB)  recently  reviewed  a  report,  "The  State  of  the  Marine 
Environment,"  prepared  by  the  Group  of  Experts  on  the  Scientific 
Aspects  of  Marine  Pollution  (GESAMP).  This  international  group 
of  experts  is  sponsored  jointly  by  the  United  Nations,  FAO,  UN¬ 
ESCO,  WHO,  WMO,  IMO,  and  the  International  Atomic  Energy 
Agency  (IAEA).  Their  report  describes  human  impacts  on  the 
world’s  oceans  and  efforts  to  prevent  and  control  marine  pollu- 
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tion.  The  U.S.  Department  of  State  requested  that  NOPPB  coor¬ 
dinate  an  interagency  review  of  the  report  to  determine  if  it  could 
serve  as  the  comprehensive  report  suggested  by  the  G-7  nations. 
NOPPB  concluded  from  its  review  that  the  GESAMP  report  could 
serve  as  the  basis  for  the  state  of  the  world’s  oceans  report  and 
has  offered  some  recommendations  to  the  U.S.  Department  of 
State  and  the  G-7  nations  regarding  possible  actions  that  can  be 
taken  in  the  future.®^ 


Technology  Development  and  Transfer 

■  Summit  recommendations: 

□  Research  and  development  of  clean  technologies  and 
transfer  of  new  and  existing  clean  technologies  to  the 
developing  world. 

□  Specific  technical  requirements  demanding  the  attention 
of  the  industrialized  world’s  research  and  development 
capabilities:  CFG  replacements,  energy-saving 
production  practices  and  devices,  safe  nuclear  power 
generators  and  other  fossil-fiiel  alternatives,  advanced 
climate  monitoring  networks,  and  oil  spill  cleanup 
techniques. 

□  Prevention  of  pollution  by  introduction  of  production 
processes  that  minimize  waste  of  industrial  and 
agricultural  inputs,  conserve  energy,  and  reduce 
"end-of-the-pipe"  pollution  problems.  In  the  industrial 
sector,  this  goal  would  require  designing  and  marketing 
environmentally  benign  production  technologies.  In  the 
agricultural  sector,  it  would  include  measures  aimed  at 
reducing  the  amount  of  polluted  farm  runoff,  as  well  as 
preventing  soil  erosion  and  desertification. 

□  Industrialized  nations  to  share  state-of-the-art  pollution 
control  technologies  with  poorer  and  thus  often 
debt-burdened  nations. 
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In  1989  EPA  and  the  Department  of  State  visited  a  variety  of 
nations — including  Brazil,  Mexico,  and  Egypt — ^to  promote  trans¬ 
fer  of  non-ozone-depleting  technologies  developed  by  U.S.  in¬ 
dustries.  EPA  has  provided  environmental  expertise  to  Poland, 
Hungary,  China,  and  Mexico,  and  it  is  planning  additional  ac¬ 
tivities  in  the  USSR.  DOE  is  working  cooperatively  with  24  na¬ 
tions  to  research  and  develop  clean  coal  and  other  environmental 
technologies.  A  new  EPA  advisory  committee,  the  International 
Environmental  Technology  Transfer  Advisory  Board  (lETTAB),  is 
studying  the  need  for,  possible  approaches  to,  and  barriers  to  the 
transfer  of  environmental  technologies  from  industrialized  to 
developing  nations. 


Economics  of  Environmental  Protection 


■  Summit  recommendations: 

□  Further  exploration  of  the  sustainable  development 
concept. 

□  Clearer  understanding  of  the  effects  that  consumption 
taxes  and  new  governmental  regulations  might  have  on 
purchasing  habits,  and  thus  on  economic  growth. 

□  A  readiness  to  accord  special  economic  treatment,  such  as 
debt  refinancing  and  forgiveness,  to  developing  nations, 
in  order  that  these  nations  might  develop  their  economies. 

□  The  introduction  of  environmental  impact  assessments 
into  the  application  procedures  used  by  the  World  Bank, 
the  International  Monetary  Fund,  and  other  multilateral 
development  banks  (MDBs). 

EPA  hosted  a  January  1990  workshop  on  the  economics  of 
sustainable  development  in  preparation  for  the  May  1990  WCED 
meeting  in  Bergen,  Norway.  DOE  is  designing  the  1990  National 
Energy  Strategy  to  be  environmentally  sensitive  and  to  promote 
coordinated  use  of  the  nation’s  energy  resources.  Agencies  includ¬ 
ing  the  Department  of  State,  EPA,  DOE,  NOAA,  and  U.S.  AID 
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have  jointly  proposed  use  by  OECD  of  environmental  indicators 
that  could  assess  the  economic  impacts  of  controlling  greenhouse 
gas  emissions. 

Recognizing  the  position  of  developing  nations  with  respect 
to  environmental  protection,  several  U.S.  agencies,  including  the 
Department  of  State,  EPA,  U.S.  AID,  and  the  Department  of  the 
Treasuiy,  have  urged  the  World  Bank’s  International  Bank  for 
Reconstruction  and  Development  to  consider  debt-for-nature 
swaps. 

Federal  agencies  have  taken  steps  to  encourage  multilateral 
development  banks  (MDBs)  to  incorporate  environmental  assess¬ 
ments  into  their  lending  practices  and  to  allow  public  access  to 
reports.  At  the  annual  meeting  of  the  World  Bank  and  the  Inter¬ 
national  Monetary  Fund  on  September  27, 1989,  President  Bush 
spoke  strongly  in  favor  of  such  assessments.  In  discussions  con¬ 
cerning  the  ninth  replenishment  of  funds  for  the  World  Bank’s  In¬ 
ternational  Development  Association  (IDA),  the  United  States 
proposed  implementation  of  Environmental  Action  Plans  for  all 
countries  using  IDA  resources.  The  International  Development 
and  Finance  Act  of  1989  calls  for  publicly  accessible  environmen¬ 
tal  impact  assessments  from  all  MDBs  receiving  U.S.  funds,  and 
it  encourages  debt-for-nature  swaps.  U.S.  AID  initiated  a  review 
of  its  Early  Warning  System,  which  assesses  the  impact  of 
proposed  loans  by  international  financial  institutions  long  before 
the  loans  reach  the  final  approval  stage. 

Recognizing  the  intrinsic  importance  of  population  to  the 
issue  of  environmental  resource  management,  the  World  Bank 
has  announced  its  commitment  to  tripling  the  amount  of  funding 
it  devotes  to  population  issues.  The  bank  will  concentrate  on 
problems  in  the  Third  World  through  use  of  its  concessional  loans 
offered  by  the  International  Development  Association  (IDA). 
Population  stabilization  is  an  area  of  growing  concern  as  the 
world  population,  now  totaling  5  billion,  threatens  to  double  by 
the  year  2030,  further  exacerbating  resource  demand  and  scar¬ 
city. 
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On  March  11,  1990,  at  Barrie,  Ontario,  50  people 
met  to  kick  off  a  3-day  technical  conference  on  the 
Great  Lakes.  The  meeting  began  conventionally  enough 
with  a  familiar  litany  of  accomplishments  and  problems  in 
the  Great  Lakes.  The  speakers  noted  that,  over  the  past  20 
years,  substantial  progress  had  been  made  in  controlling 
the  overenrichment  and  eutrophication  caused  by  exces¬ 
sive  nutrients  in  the  water.  The  concentrations  of  some 
toxic  chemicals  also  had  been  reduced  below  1970  levels. 
At  the  same  time,  many  of  the  fish  caught  in  the  Great 
Lakes  still  carried  enough  toxic  chemicals  in  their  flesh  to 
render  them  unsafe  for  human  consumption.  And  con¬ 
centrations  of  some  chemicals  banned  in  the  Great  Lakes 
region  years  ago  recently  had  begun  to  rise. 

But  this  conference  was  different.  For  one  thing,  the 
participants  represented  a  remarkable  range  of  disciplines 
and  perspectives:  water  quality  and  air  quality  experts, 
mathematical  modelers,  fish  and  wildlife  specialists,  and 
federal,  state,  and  provincial  regulators.  And  they  were 
meeting  to  map  out  an  ambitious  project:  a  strategy  for 
monitoring  how  Great  Lakes  water  quality  was  affected 
by  all  pollutant  sources,  including  airborne  chemicals, 
urban  and  farm  runoff,  and  sewage  treatment  facilities. 
The  participants  at  the  Barrie  conference  knew  it  would 
take  all  of  their  skills,  applied  cooperatively  at  different 
levels  of  government  and  across  borders,  to  protect  the 
Great  Lakes  ecosystem  effectively. 


CHAPTER  8 


The  Great  Lakes 


America’s  greatest  surface  water  resource — ^the  Great 
Lakes — is  one  shared  with  Canada.  Ninety  percent  of  the 
fresh  surface  water  in  North  America  and  18  percent  of  the 
world’s  fresh  surface  water  lie  in  the  Great  Lakes.  That  amounts 
to  65  trillion  gallons  or  5,439  cubic  miles  of  freshwater  in  the  five 
lakes  and  their  tributaries.  The  lakes  and  their  connecting  chan¬ 
nels  border  eight  states  and  two  provinces,  cover  94,250  square 
miles,  and  comprise  one-third  of  the  U.S.  boundary  with  Canada. 
Their  coastlines  total  9,674  miles,  and  their  watershed  covers 
more  than  201,000  square  miles.  (See  Table  8-1.) 


Table  8-1. — Physical  Features  of  the  Great  Lakes. 


FEATURES 

SUPERIOR 

MICHIGAN 

HURON 

ERIE 

ONTARIO 

TOTALS 

Elevation 

(meters) 

Length 

183 

176 

176 

173 

74 

(miles) 

Breadth 

350 

307 

206 

241 

193 

(miles) 

160 

118 

183 

57 

53 

Average  Depth 
(meters) 

Maximum  Depth 

147 

85 

59 

19 

86 

(meters) 

Volume 

405 

281 

229 

64 

244 

(cubic  miles) 

Area  (square  miles): 

2,900 

1,180 

850 

116 

393 

5,439 

Water 

31,700 

22,300 

23,000 

9,910 

7,340 

94,250 

Land  Drainage  Area 
Total  Area  (water 

49,300 

45,600 

51,700 

30,140 

24,720 

201,460 

plus  drainage  area) 

81,000 

67,900 

74,700 

40,050 

32,060 

295,710 

Shoreline 

2,626 

1,638 

3,827 

871 

712 

9,674 

Source;  U.S.  Environmental 

Protection  Agency  and 

Environment 

Canada. 

The  Great 

Lakes:  An 

Environmental  Atlas  and  Resource  Book,  ERA  and  Environment  Canada,  Chicago  and  Toronto  (1987), 

pages  3-4. 
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"Those  Grand  Freshwater  Seas" 


Nineteenth  century  America  writers  vied  with  each  other  in 
paying  tribute  to  the  immensity  of  the  lakes.  Perhaps  the  most 
telling  literary  description  comes  from  an  ocean-going  sailor  in 
Herman  Melville’s  great  American  novel,  Moby  Dick,  written  150 
years  ago: 

For  in  their  interflowing  aggregate,  those  grand 
fresh-water  seas  of  ours, — Erie,  and  Ontario,  and  Huron,  and 
Superior,  and  Michigan — possess  an  ocean-like  expansiveness, 
with  many  of  the  ocean's  noblest  traits;  with  many  of  its 
rimmed  varieties  of  races  and  of  climes.  They  contain  round 
archipelagoes  of  romantic  isles,  even  as  the  Polynesian  waters 
do;  in  large  part,  are  shored  by  two  great  contrasting  nations, 
as  the  Atlantic  is;  they  furnish  long  maritime  approaches  to 
our  numerous  territorial  colonies  from  the  East,  dotted  all 
round  their  banks;  here  and  there  are  frowned  upon  by 
batteries,  and  by  the  goat-like  craggy  guns  of  Mackinaw;  they 
have  heard  the  fleet  thunderings  of  naval  victories;  at 
intervals  they  yield  their  beaches  to  wild  barbarians,  whose 
red  painted  faces  flash  from  out  their  paltry  wigwams;  for 
leagues  and  leagues  are  flanked  by  ancient  and  unentered 
forests,  where  the  gaunt  pines  stand  like  serried  lines  of  kings 
in  Gothic  genealogies;  those  same  woods  harboring  wild 
Africa  beasts  of  prey,  and  silken  creatures  whose  exported  furs 
give  robes  to  Tartar  Emperors;  they  mirror  the  paved  capitals 
of  Buffalo  and  Cleveland,  as  well  as  Winnebago  villages;  they 
float  alike  the  full-rigged  merchant  ship,  the  armed  cruiser  of 
the  State,  the  steamer  and  the  beech  canoe;  they  are  swept  by 
Borean  and  dismasting  blasts  as  direful  as  any  that  lash  the 
salted  wave;  they  know  what  shipwrecks  are,  for  out  of  sight 
of  land,  however  inland,  they  have  drowned  full  many  a 
midnight  ship  with  all  its  shrieking  crew. . . . 

From  Chapter  54:  "The  Town-Ho’s  Story" 
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It  is  no  accident  that  this  treasury  of  natural  resources  nur¬ 
tured  one  of  the  great  centers  of  industry  and  agriculture  on 
earth.  The  "ancient  and  unentered  forests"  were  entered  and  cut. 
The  original  gaunt  pines  are  gone,  but  the  forest  products  in¬ 
dustry  they  fostered  remains  robust  to  this  day.  Abundant  rain¬ 
fall  and  the  "rimmed  varieties  of  climes" — really  microclimates 
induced  by  the  lakes — support  equally  varied  agricultural  pro¬ 
duction.  One-fourth  of  Canadian  agricultural  produce  and  7  per¬ 
cent  of  U.S.  produce  originate  in  the  basin  of  the  Great  Lakes. 
Unlike  other  regions  of  the  country,  this  strong  agricultural  base 
requires  minimal  irrigation. 

Industry  and  cities  withdraw  vast  amounts  of  water  for  cool¬ 
ing  and  process  water.  Today,  one-fifth  of  U.S.  manufactured 
goods,  including  70  percent  of  this  nation’s  steel  production,  and 
17  percent  of  U.S.  national  income  are  produced  in  the  Great 
Lakes  basin.  Almost  half  of  Canadian  manufacturing  is  in  On¬ 
tario,  which  borders  the  Great  Lakes.^ 

Waters  flowing  through  the  lakes  generate  almost  45  billion 
kilowatt-hours  of  hydroelectric  power  in  the  United  States  and 
Ontario  each  year.  Some  70  thermoelectric  plants  on  the  U.S.  side 
use  lake  water  in  steam  condensers  and  for  boiler  feedwater. 

The  "long  maritime  approaches  from  the  East"  became 
longer  and  more  prosperous  with  the  construction  of  canals  and 
ship  channels.  The  Erie  Canal,  completed  in  1825,  linked  the  port 
of  New  York  on  the  Hudson  with  Lake  Erie,  thus  bringing  un¬ 
paralleled  prosperity  to  both  ends.  Almost  immediately,  the  cost 
of  goods  in  the  West  dropp)ed  by  90  percent,  while  the  value  of 
agricultural  sales  rose  sharply.  At  about  the  same  time,  the 
Canadians  opened  the  Lachine  Canal  to  bypass  the  rapids  on  the 
St.  Lawrence  River.  Then  the  Welland  Canal,  joining  Lakes  On¬ 
tario  and  Erie  and  bypassing  Niagara  Falls,  was  constructed. 
Canal  building  culminated  in  1959  with  completion  of  the  St. 
Lawrence  Seaway,  which,  while  not  the  commercial  success  of  its 
predecessors,  allows  ocean-going  vessels  direct  access  to  inland 
America. 

The  Great  Lakes  today  have  become  a  kind  of  Northwest 
Passage,  for  which  so  many  early  explorers  searched  in  vain. 
Water  transport  over  the  lakes  remains  one  of  the  keys  to  mid- 
America’s  wealth. 


327 


1970  E\'\  IRO\’MEN  TAL  QUALITY  1990 


Beech  canoes  still  ply  the  waters,  along  with  vast  numbers  of 
other  recreational  craft.  Water-based  recreation  and  tourism  in 
the  region  is  estimated  to  generate  between  $8  billion  and  $12 
billion  a  year.  Sport  fishing  alone  accounts  for  $1.5  billion  a  year.^ 
Ten  percent  of  the  U.S.  population  and  25  percent  of  all 
Canadians  live  within  the  Great  Lakes  Basin,  36  million  in  all; 
and  26  million  people  draw  their  drinking  water  from  the  lakes, 
which  still  "mirror  the  paved  capitals  of  Buffalo  and  Cleveland," 
along  with  Chicago,  Detroit,  Toronto,  Milwaukee,  and  many  other 
centers  of  commerce  and  manufacturing. 

But  the  mirror  is  not  nearly  as  bright  today  as  it  was  when 
Moby  Dick  was  written. 


Troubled  Waters 

The  growth  of  the  economy  and  population  in  the  Great  Lakes 
region  has  been  accompanied  by  a  decline  in  the  quality  of  the 
environment  that  nurtured  them.  The  history  of  the  commercial 
fishing  industry  is  especially  telling.  Commercial  fishing  began 
in  the  Great  Lakes  in  1820,  reaching  its  peaik  harvest  of  147  mil¬ 
lion  pounds  in  1899,  almost  100  years  ago.  Even  at  that  time, 
some  of  the  most  valuable  species  in  Lake  Erie  were  in  decline. 
By  1950  the  industry  had  shrunk.  Today  the  average  annual 
yield  is  110  million  pounds  and  the  value  of  the  catch  has 
declined  sharply  as  the  larger  and  more  valuable  fish  have  given 
way  to  smaller,  less  desirable  species. 

Five  of  the  most  valuable  species  of  the  early  commercial 
fishery  were  lake  trout,  lake  whitefish,  grayling,  and  blue  pike  in 
Lake  Erie,  and  the  Atlantic  salmon  in  Lake  Ontario.  Today  lake 
trout,  once  the  top  predator  of  the  lakes,  survives  in  sufficient 
numbers  for  commercial  fishing  only  in  Lake  Superior.  Even 
there,  natural  reproduction  must  be  supplemented  by  hatcheries. 
The  blue  pike  and  grayling  of  Ladce  Erie  are  believed  to  be  extinct. 
The  same  is  true  of  Ontario’s  Atlantic  salmon.  Commercial  fisher¬ 
men  continue  to  catch  lake  whitefish,  but  only  in  Lake  Superior 
and  parts  of  Lakes  Michigan  and  Huron.® 
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Overfishing,  pollution,  destruction  of  habitat,  and  the  intro¬ 
duction  of  exotic  species  such  as  the  sea  lamprey  all  contributed 
to  the  decline  of  the  commercial  fishery.  Tbxic  chemicals  that 
render  fish  unsafe  to  eat  have  added  a  new  burden  to  the  industry 
and  the  measure  of  wealth  it  produces.  The  same  is  true  for  the 
"silken  creatures  whose  exported  furs  give  robes  to  Tartar 
Emperors."  One  hundred  and  fifty  years  after  those  words  were 
penned,  minks  and  otters  have  disappeared  from  portions  of  the 
shorelines  of  Lakes  Michigan,^  Huron,  and  Superior,®  where  they 
once  were  abundant. 


Rescue 


During  the  last  20  years,  the  United  States  and  Canada,  those 
"two  great  contrasting  nations,"  have  worked  cooperatively  to 
reduce  the  stress  on  the  lakes  and  restore  their  ecological  health 
and  abundance.  The  "guns  of  lofty  Mackinaw"  have  been  up¬ 
staged  by  sewage  treatment  plants.  The  "armed  cruiser  of  the 
State"  has  given  way  to  government  research  vessels.  The  two 
nations  have  spent  billions  on  new  sewage  systems  and  pollution 
controls;  they  have  ratified  unprecedented  international  environ¬ 
mental  agreements;  they  have  enacted  and  enforced  strict  na¬ 
tional,  state,  and  provincial  laws. 

Those  efforts  paralleled  and  in  some  respects  pioneered 
clean  water  programs  across  the  nation.  The  Great  Lakes  water 
quality  program  is  a  large  canvas  on  which  one  can  see  both  the 
success  and  failure  of  much  of  America’s  environmental  protec¬ 
tion  efforts  over  the  last  two  decades.  And  there,  too,  can  be  seen 
hints  of  the  prospects  for  future  improvements  in  the  decades  to 
come. 

An  additional  reason  for  looking  closely  at  the  Great  Lakes 
in  1989  is  the  fact  that  they  are  international  waters.  As  the  20th 
century  draws  to  a  close,  problems  of  the  ^obal  environment  at¬ 
tract  public  attention.  Ozone  depletion,  the  greenhouse  effect, 
massive  deforestation,  exports  of  hazardous  materials,  and 
similar  concerns  have  become  msgor  foreign  policy  issues. 
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Although  intense  efforts  now  are  being  made  to  establish 
frameworks  for  international  cooperative  ventures  to  preserve 
aspects  of  the  global  environment,  successful  historical  examples 
are  few.  Yet  one  excellent  example  of  nations  working  together  to 
protect  and  preserve  a  common  natural  resource  is  the  U.S.- 
Canadian  Great  Lakes  Water  Quality  Agreement  and  its  prede¬ 
cessors. 


Historical 

Perspective 


The  1968  annual  supplement  to  the  World  Book  Encyclopedia 
contained  a  special  report  entitled,  "The  Killing  of  a  Great  Lake," 
which,  like  many  other  general  news  reports,  scientific  studies, 
and  government  documents  of  the  late  1960s,  sounded  alarms 
about  the  impending  death  of  Lake  Erie: 

In  some  parts  of  the  lake,  the  waters  are  a  murky  green 
from  algae  that  thrive  on  the  wastes  dumped  into  the  water. 
During  the  summer  months,  the  western  basin  of  Lake  Erie 
contains  a  mass  of  algae  that  sometimes  covers  800  square 
miles  and  has  a  thickness  of  two  feet. 

The  variety  of  floating  and  rotting  wastes  is  a  constant 
reminder  that  man  can  indeed  kill  a  lake. . . . 

The  lake  is  threatened  with  death.  It  is  slowly  choking 
from  its  heavily  polluted  tributaries  and  shoreline.  Water 
experts  warn  there  is  little  relief  in  sight.  Some  even  say  the 
lake  is  dying  so  fast  it  will  soon  be  an  aquatic 
desert — America's  Dead  Sea.^ 

At  about  the  same  time,  the  Food  and  Drug  Administration 
embargoed  39,000  tons  of  coho  salmon  caught  in  the  Great  Lakes 
because  of  elevated  levels  of  DDT  in  the  fish  tissue.  A  year  later, 
the  Canadian  government  banned  sale  of  fish  caught  in  Lake  St. 
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Clair  and  Lake  Ontario  because  of  dangerous  mercury  contamin¬ 
ation. 

Wildlife  also  showed  the  effects  of  toxic  chemicals.  Bird 
populations,  which  had  been  visible  elements  of  the  lakescape  for 
thousands  of  years,  began  declining.  Reproduction  rates  in  cer¬ 
tain  types  of  birds,  especially  those  that  eat  fish,  fell  precipitous¬ 
ly.  Fewer  eggs  were  laid,  and  many  of  those  eggs  never  hatched.  A 
significant  percent  of  living  hatchlings  showed  evidence  of  de¬ 
formities,’  many  of  which  were  extremely  rare  or  unknown  prior 
to  1950.  A  growing  number  of  avian  deformities  were  noticed 
during  the  1950s  and  1960s. 

Those  effects  were  strongly  associated  with  the  presence  of 
toxic  chemicals  in  the  tissue  of  the  animals.^  Elevated  levels  of  in¬ 
dustrial  and  agricultural  chemicals  and  metals  were  found  in  the 
eggs  of  fish-eating  birds,  such  as  the  herring  gull,  and  in  the  fatty 
tissues  of  large  predator  fish,  such  as  the  lake  trout  or  salmon. 

Twenty-two  years  after  those  alarms  were  sounded.  Lake 
Erie  is  anything  but  a  Dead  Sea.  It  and  the  other  Great  Lakes 
have  undergone  mcgor  transformations,  many  of  them  for  the  bet¬ 
ter.  After  extraordinary  effort  and  expense,  the  choking  condition 
known  as  eutrophication  has  abated  to  a  remarkable  degree. 

The  campaign  to  eliminate  the  problems  of  toxic  chemicals 
likewise  has  been  somewhat  successful.  However,  new  and  vexing 
problems  related  to  toxic  pollution  have  been  identified.  The  fate 
of  water  birds  on  the  lakes  over  the  last  several  decades  il¬ 
lustrates  a  disturbing  pattern. 

During  the  1950s  and  1960s,  bird  populations  began  to 
decline  rapidly.  Scientists  now  believe  that  the  radical  population 
declines  were  precipitated  by  the  widespread  use  of  DDT  and  re¬ 
lated  compounds.  Chemical  pesticides  interfered  with  the  ability 
of  birds  to  form  egg  shells,  thereby  cutting  deeply  into  rates  of 
reproduction.  DDT  and  dieldrin,  another  agricultural  chemical 
affecting  bird  reproduction,  were  banned  in  the  late  1960s,  and 
bird  species  that  had  been  in  great  jeopardy  soon  regained  their 
former  numbers.® 

It  now  appears,  however,  that  the  DDT  hid  an  underlying 
problem  related  to  PCBs,  a  more  pervasive  toxic  chemical.  Just  as 
observers  began  to  celebrate  the  increasing  bird  populations, 
they  also  began  to  notice  an  escalation  in  bird  deformities,  includ¬ 
ing  cross  bills  (where  the  upper  and  lower  bills  do  not  close 
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properly,  making  survival  difficult),  lack  of  jaws,  lack  of  skull 
bones,  lack  of  feathering,  club  feet,  improper  insertion  of  tendons 
in  the  leg,  rotated  ankles,  dwarfed  appendages,  unabsorbed  yolk 
sac  in  late  development  embryos,  severe  subcutaneous  edema  on 
the  head,  neck,  or  abdomen,  liver  troubles,  low  birth  weight,  and 
other  similar  conditions.^®  During  the  last  25  years,  the  frequen¬ 
cy  of  such  occurrences  has  grown  by  two  orders  of  magnitude,^^ 
which  suggests  a  fundamental  change  in  the  Great  Lakes  ecosys¬ 
tem. 


The  Great 
Lakes  Today 

In  1972  the  governments  of  the  United  States  and  Canada  in¬ 
stituted  a  joint  program  to  combat  the  eutrophication  problem  in 
all  five  of  the  Great  Lakes,  with  emphasis  on  Lakes  Erie  and  On¬ 
tario.  In  1978  the  governments  further  agreed  to  begin  address¬ 
ing  for  the  first  time  the  problem  of  toxic  contamination. 


An  Ecosystem  Approach 

A  central  purpose  of  the  two  nations,  as  first  expressed  in  the 
1978  Great  Lakes  agreement, ". . .  is  to  restore  and  maintain  the 
chemical,  physical,  and  biological  integrity  of  the  waters  of  the 
Great  Lakes  Basin  Ecosystem."^^  The  idea  of  the  "Great  Lakes 
Basin  Ecosystem"  is  one  of  the  keys  to  the  success  of  the  bina¬ 
tional  water  quality  program  in  the  Great  Lakes,  and  it  repre¬ 
sents  the  best  hope  for  overcoming  past  shortcomings. 
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Institutions 

The  Water  Quality  Agreement  between  the  United  States  and 
Canada  is  one  of  very  few  such  agreements  to  commit  the  sig¬ 
natories  to  an  ecosystem-wide  approach  to  solving  water  quality 
problems.  The  parties  agreed  not  to  let  national  or  state  boun¬ 
daries  deter  them  from  seeking  the  causes  and  cures  of  Great 
Lakes  problems,  because  those  problems,  like  airborne  water 
pollution,  were  not  defined  by  national  boundaries. 

At  the  same  time,  the  ecosystem  approach  does  not  mandate 
centralization  of  control  at  ever  higher  levels  of  government.  In¬ 
deed,  the  growing  consensus  among  U.S.  and  Canadian  repre¬ 
sentatives  is  that: 

...  the  [federal]  style  of  environmental  regulation  may 
not  be  the  most  appropriate  for  the  complex  water  quality 
problems  faced  in  the  Great  Lakes  Basin  Ecosystem  today. . . . 
[L]ocal  government  officials  and  local  plant  management 
[should  assume]  a  central  role  in  the  articulation  of  the 
problem,  selection  of  the  appropriate  response,  and 
implementation  of  the  solution,  [important  decisions  in 
environmental  control  systems  ought  to  be  as  close  as  possible 
to  the  location  where  the  physical  consequences  of  the  decision 
will  be  feltP 

What  the  ecosystem  approach  does  mandate  is  coordinated, 
integrated  action  by  all  responsible  parties — federal,  state,  pro¬ 
vincial,  and  local  governments,  the  private  sector,  and  indeed,  in¬ 
dividuals  themselves.  Recognition  that  all  parts  of  the  problem 
are  connected  leads  directly  to  the  conclusion  that  solutions 
must  be  integrated  as  well. 

Like  the  ecosystem  itself,  the  institutions  that  govern  the 
lakes  are  and  have  been  in  flux.  In  1909  the  United  States  and 
Great  Britain  signed  a  historic  agreement  managing  the  waters 
between  the  United  States  and  Canada.  One  of  the  provisions  of 
the  International  Boundary  Waters  Treaty  stated: 

It  is  further  agreed  that  the  waters  herein  defined  as 
boundary  waters  and  waters  flowing  across  the  boundary 
shall  not  be  polluted  on  either  side  to  the  injury  of  health  or 
property  on  the  other. 
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The  treaty  established  a  board  of  U.S.  and  Canadian  repre¬ 
sentatives,  known  as  the  International  Joint  Commission  (IJC), 
to  mediate  and  make  recommendations  for  settling  such  disputes 
and  questions  as  the  governments  might  refer  to  it.  Great  Lakes 
water  quality  soon  became  an  issue.  In  1912  the  two  governments 
asked  the  commission  to  study  the  pollution  problems  of  the  lakes 
as  well  as  other  boundary  waters.  Six  years  later,  the  IJC 
reported  that  the  water  quality "...  situation  along  the  frontier  is 
generally  chaotic,  everywhere  perilous  and  in  some  cases  dis¬ 
graceful."  The  commission  recommended  the  elimination  of  in¬ 
dustrial  pollution  and  a  minimum  level  of  treatment  for  all 
municipal  sewage  systems.  It  also  recommended  that  the  com¬ 
mission  itself  be  given  authority  to  regulate  pollution  in  the 
boundary  waters  as  a  whole. 

That  first  attempt  at  ecosystem  management  was  rejected  by 
the  two  governments.  Instead,  the  individual  municipalities 
looked  to  their  own  interests  by  chlorinating  the  waters  drawn 
from  the  lakes  for  drinking.  That  step  almost  eliminated  typhoid 
fever  from  the  lakes  region,  but  it  did  nothing  to  relieve  the  grow¬ 
ing  illness  of  the  ecosystem  as  a  whole. 

In  the  late  1940s  the  unsightly  and  unhealthfiil  condition  of 
the  Detroit  River,  Lake  St.  Clair,  the  St.  Clair  River,  and  later  the 
Niagara  River  prompted  the  two  nations  to  seek  advice  again 
from  the  IJC.  In  1951  the  commission  reported  back  that  the  bac¬ 
teriological  problems  in  the  lakes  had  gotten  three  or  four  times 
worse  than  they  were  in  1918.  Industrial  contaminants  such  as 
oils,  phenols,  cyanides,  and  oxygen-demanding  materials  were 
"now  a  major  problem."  Therefore  the  Commissioners  recom¬ 
mended  an  international  agreement  on  a  set  of  water  quality  ob¬ 
jectives  and  establishment  of  a  board  to  monitor  progress 
towards  the  objectives.  That  modest  recommendation,  which 
covered  only  the  connecting  channels,  was  adopted  by  both  na¬ 
tions,  thus  marking  the  beginning  of  a  continuous  IJC  involve¬ 
ment  with  Great  Lakes  water  quality. 

In  1964,  in  response  to  widespread  public  concern,  the 
governments  of  the  United  States  and  Canada  asked  the  IJC  to 
examine,  in  detail,  water  quality  in  Lake  Erie  and  Lake  Ontario. 
The  commission  reported  in  1970  that  both  lakes  were  seriously 
polluted  as  a  result  of  municipal  and  industrial  discharge  and 
that  all  jurisdictions  surrounding  the  lakes  were  contributing  to 
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the  problem.  The  commission  recommended  the  following  ac¬ 
tions: 


*  Adoption  of  general  and  specific  water  quality  objectives, 

*  Immediate  reduction  of  the  phosphorus  content  in 
detergents,  and 

*  Development  of  municipal  and  industrial  waste 
treatment  facilities. 

The  commission  also  recommended  that  the  governments 
enter  into  appropriate  international  agreements  to  deal  with  the 
serious  pollution  issues  that  had  been  identified.  The  U.S.- 
Canadian  response  was  the  1972  Great  Lakes  Water  Quality 
Agreement,  which  addressed  all  of  the  issues  raised  by  the  IJC  in 
its  report. 

As  the  years  passed  and  the  state  of  the  lakes  continued  to 
decline,  the  scope  of  IJC  oversight  expanded.  Nonetheless,  the 
primary  responsibility  and  authority  for  water  quality  regulation 
resided  with  state  and  provincial  governments.  The  focus  of 
responsibility  shifted  with  passage  of  the  Federal  Water  Pollu¬ 
tion  Control  Act  of  1972.  That  legislation,  while  acknowledging 
state  primacy,  established  a  large  new  federal  regulatory  pro¬ 
gram  backed  with  federal  grant-making  authority.  It  also  en¬ 
couraged  stronger  state  regulatory  programs,  through  direct 
financial  aid  and  a  variety  of  delegations  and  regulatory 
mechanisms.  The  presence  of  a  creditable  federal  enforcement 
program  lent  authority  and  resolve  to  state  regulators. 

The  Clean  Water  Act  amendments  of  1981  and  1987  returned 
a  good  deal  of  responsibility  to  the  states,  especially  financial 
responsibility.  At  the  same  time,  state,  provincial,  and  municipal 
governments  began  developing  new  institutions  to  meet  new 
challenges.  For  example,  the  Great  Lakes  Charter,  signed  in  the 
mid-1980s,  committed  the  governors  and  premiers  of  Great 
Lakes  states  and  provinces  to  consult  with  one  another  before 
permitting  diversions  of  water  outside  the  basin.  Later  the  par¬ 
ties  agreed  to  cooperate  on  remediation  of  toxic  pollution.  The 
eight  Great  Lakes  governors  recently  established  a  $100  million 
Great  Lakes  Protection  Fund  for  the  purpose  of  endowing  a  long¬ 
term  program  of  pollution  research,  demonstration,  and  cleanup 
projects.  The  State  of  New  York  and  the  Province  of  Ontario  have 
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reached  a  new  accommodation  that  has  begun  to  relieve  environ¬ 
mental  problems  along  the  Niagara  River. 

One  issue  that  tends  to  foster  a  regional  consciousness  is  the 
question  of  water  diversions  and  consumptive  uses.  At  a  time 
when  predictions  of  global  climate  changes  have  become  com¬ 
monplace,  people  in  the  Great  Lakes  region  are  beginning  to  ap¬ 
preciate  as  never  before  the  enormous  wealth  represented  by  the 
world’s  largest  reservoir  of  fresh  surface  water.  In  periods  of 
drought,  water-short  areas  tend  to  look  for  Great  Lakes  water. 
For  example,  in  1987  when  water  levels  on  the  Mississippi  River 
fell  so  low  that  navigation  was  stopped,  southern  states  and  in¬ 
dustries  called  for  larger  releases  of  Great  Lakes  water,  provok¬ 
ing  quiet  protests  from  Canada.  In  a  1985  report  on  diversion  and 
consumptive  uses,  the  International  Joint  Commission  urged  the 
two  governments  to  engage  in  ".  .  .  broad  but  systematic  discus¬ 
sions  of  their  use  of  Great  Lakes  water  before  they  are  faced  with 
any  sense  of  crisis,  actual  or  imminent,  and  before  any  relation¬ 
ships  deteriorate  or  become  jeopardized.” 


Science 

The  ecosystem  approach  also  involves  a  higher  level  of  site- 
specific  scientific  investigation  than  is  t3q}ically  the  case  in  water 
regulatory  regimes.  Most  Great  Lakes  cities  and  many  indus¬ 
tries  are  in  compliance  with  uniform  national  discharge  stand¬ 
ards.  While  that  has  helped  to  alleviate  pollution  problems,  it 
has  by  no  means  solved  them. 

A  key  technique  for  site-specific  investigation  is  the  mass 
balance  study.  The  mass  balance  approach  relies  on  the  law  of 
conservation  of  mass,  that  is,  what  goes  in  must  come  out.  More 
formally,  the  quantity  of  contaminants  entering  the  system  from 
all  sources,  less  quantities  stored,  degraded,  or  transformed 
within  the  system,  must  equal  the  quantities  that  leave  the  sys¬ 
tem.  Thus  mass  balance  studies  help  account  for  the  source, 
transport,  and  fate  of  contaminants.  This  accounting  is  used  the 
way  a  business  might  use  a  year-end  financial  report:  to  evaluate 
progress,  set  priorities,  and  allocate  resources.  Such  a  technique 
was  used  in  the  1970s  to  devise  a  strategy  for  reversing  the 
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process  of  eutrophication  by  controlling  phosphorus,  a  strategy 
that  proved  to  be  remarkably  successful.  The  two  national 
governments  now  are  attempting  to  do  the  same  thing  for  toxic 
contamination,  a  more  difficult  and  expensive  imdertaking. 

Federal,  state,  and  local  agencies  have  conducted  mass 
balance  investigations  of  the  rivers  and  channels  that  connect  the 
Great  Lakes  to  one  another,  and  they  are  now  engaged  in  a  mtgor 
mass  balance  study  of  Green  Bay.  Although  funding  for  such  work 
is  limited,  mass  balance  studies  promise  to  be  useful  tools  in 
deciding  how  limited  resources  might  best  be  spent. 


Ecosystem  Ills 

Both  eutrophication  and  toxic  contamination  are  affecting  the 
health  and  biology  of  the  Great  Lakes  ecosystem. 


Eutrophication 

Eutrophication  in  the  Great  Lakes  is  characterized  by  explosive 
growth  of  blue-green  algae  in  the  spring  and  summer.  Over  the 
course  of  the  year  the  algae  dies  off  and  settles  to  the  bottom.  As 
it  begins  to  rot,  it  consumes  the  available  oxygen  in  the  water. 
The  depletion  of  oxygen  and  the  blockage  of  light  destroys  the 
conditions  necessary  for  a  diverse  population  of  fish  and  aquatic 
vegetation.  The  odors  associated  with  severe  eutrophication 
make  the  water  unsuitable  for  drinking  or  recreation. 

The  word  eutrophication  comes  from  two  Greek  words  mean¬ 
ing  well-nourished.  An  increase  in  the  amount  of  nutrients  or  fer¬ 
tilizers  entering  the  water  brings  about  an  alteration  in  the 
production  of  microscopic  plants,  known  as  ph3rtoplankton. 

Ph5rtoplankton  are  the  first  link  in  the  food  chain.  Those 
microscopic  algae  are  to  the  lakes  what  grass  is  to  the  prairie. 
They  convert  sunlight,  nutrient  salts  such  as  phosphates  and 
nitrates,  carbon,  oxygen,  and  other  chemicals  into  living  mater¬ 
ial.  The  ph)rtoplankton  in  turn  are  eaten  by  microscopic  animals 
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or  zooplankton,  which  are  preyed  upon  by  small  fish,  which  are 
eaten  by  bigger  fish,  which  are  eaten  by  birds,  animals,  and 
humans.  Conditions  that  alter  the  phytoplankton  must  eventual* 
ly  affect  all  other  organisms,  including  man. 

From  a  technical  point  of  view,  the  dying  Lake  Erie  was  in 
fact  teeming  with  life.  Indeed,  in  terms  of  the  sheer  weight  and 
volume  of  living  matter — so-called  biomass — the  lake  probably 
was  more  productive  in  the  late  1960s  and  early  1970s  than  at 
anytime  in  its  history. Yet  most  of  that  living  material  was  at 
the  bottom  end  of  the  food  chain  and  was  not  cycling  up.  In  terms 
of  its  function  as  a  home  for  a  diverse  population  of  flora  and 
fauna,  the  lake  was  in  poor  condition. 

The  Great  Lakes  are  endowed  with  a  number  of  natural 
defenses  against  eutrophication.  The  drainage  area  of  the  lakes  is 
relatively  small  in  comparison  to  the  area  of  the  lakes  themsel¬ 
ves.  Less  land  area  means  less  erosion.  Secondly,  much  of  the 
drainage  area  along  the  northern  shores  of  the  upper  lakes, 
which  is  still  forested,  is  composed  of  bedrock  that  weathers  slow¬ 
ly,  adding  few  nutrients  to  nourish  either  land  or  aquatic  plant 
life.  The  very  hard  igneous  and  metamorphic  rocks  that  form  the 
basins  for  Lake  Superior  and  the  Georgian  Bay  of  Lake  Huron 
are  part  of  a  geological  formation  known  as  the  Canadian  Shield.  1 

Although  the  soils  around  the  lower  lakes  are  more  erodible  and 
richer  in  nutrients,  in  presettlement  times  they  were  held  in  i 

place  by  a  dense  "unentered  forest." 

Thus,  before  settlement  by  Europeans,  water  quality  in  the  j 

Great  Lakes  was  very  close  to  the  quality  of  pure  rain.  Of  the  { 

mqjor  nutrients  necessary  for  algal  growth,  only  nitrogen  was  j 

present  in  excess.  The  waters  were  originally  poor  in  silica,  and  i 

they  contained  very  little  phosphorus.  They  were  rich  in  oxygen  j 

and  poor  in  nutrients.  The  scientific  term  for  this  condition  is 
oligotrophic,  or  undernourished — the  opposite  of  eutrophic. 

Another  factor  that  helped  to  maintain  the  purity  of  the 
lakes  was  their  extraordinary  temperature  regimes.  The  lakes 
are  divided  into  rather  distinct  layers  or  strata  based  on  tempera-  . 

ture.  The  deepest  layer,  called  the  hypolimnion,  maintains  a  more  * 

or  less  constant  temperature  throughout  the  year  of  4‘’C  (39“F), 
the  temperature  at  which  water  has  the  greatest  density.  During 
summer,  the  upper  layer,  or  epilimnion,  may  reach  18"C  (61“F)  in 
northern  waters  and  as  high  as  27®C  (80°F)  in  Lake  Erie,  while 
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the  bottom  layer  rarely  exceeds  6®C  (42.8“F)  throughout  the  sys¬ 
tem.  In  the  fall,  as  the  surface  water  temperature  approaches 
4“C,  it  sinks  to  the  bottom,  mixing  water,  oxygen,  nutrients,  and 
plants,  a  phenomenon  known  as  fall  turnover. 

In  winter,  ice  forms  and  breaks  up  on  the  surface,  but  the 
hypolimnion  maintains  its  constant  temperature.  With  spring 
thaw  comes  another  turnover.^®  Such  turnovers  help  to  replenish 
the  oxygen  at  the  bottom  of  the  lakes.  The  stratification  tends  to 
limit  the  dispersion  of  pollutants  throughout  the  year.  Thus, 
during  spring,  the  shallow  waters  near  shore  warm  up  much 
faster  than  the  deep  waters  in  the  center  of  the  lakes.  A  narrow 
zone  between  the  warm  shore  waters  and  the  cool  deep  waters 
develops.  This  zone,  known  as  the  thermal  bar,  acts  like  a  curtain 
that  restricts  the  movement  of  organic  materials  fed  into  the 
lakes  by  streams  during  the  spring.  The  summer  stratification 
also  tends  to  restrict  the  movement  of  pollutants  in  the  lakes.^® 

Those  conditions  in  the  pristine  lakes  produced  an  array  of 
microscopic  plants  and  animals  that  sustained  a  unique  diversity 
of  fish  and  wildlife.  The  most  abundant  t)rpe  of  algae  were  the 
diatoms,  which  thrived  in  the  low  temperatures  and  low  phos¬ 
phorus  levels  typical  of  the  upper  part  of  the  hypolimnion.  Unlike 
other  algae,  diatoms  are  dependent  upon  silicon  dioxide,  which 
forms  their  walls.  Diatoms  flourished  in  the  lakes  during  all 
seasons  of  the  year,  providing  a  constant  food  supply.  The  thermal 
bar  confined  nutrients  to  the  large  shallow  embayments — 
western  Lake  Erie,  Saginaw  Bay  in  Lake  Huron,  Lake  Michigan’s 
Green  Bay — which  ”...  tended  to  have  floras  similar  to  those 
found  on  smaller  lakes,  with  their  nutrient-rich  streams  and 
shallow  water  readily  mixed  by  wind  action.  These  emba3mients 
produced  a  great  many  primary  producer  organisms  and,  in  turn, 
many  fish."^^  The  Great  Lakes  had  the  best  of  both  worlds. 

Fish,  clear  water,  easy  water  transport,  and  the  other 
benefits  of  the  Great  Lakes  region  encouraged  human  settlement. 
Those  settlements,  in  turn,  led  to  the  environmental  changes  so 
much  in  evidence  two  decades  ago. 

Human  settlement  stimulated  a  huge  increase  in  the  quan¬ 
tity  of  nutrients  reaching  the  open  waters  of  the  lakes.  The 
phenomenon  was  evident  first  in  Lake  Erie  and  Lake  Ontario. 
The  soils  around  those  lakes  were  naturally  richer  and  more 
erodible  than  lands  around  Lake  Superior  and  Lake  Huron.  The 
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conversion  of  forest  tracts  to  farmland  accelerated  the  processes 
of  erosion  and  over-enrichment.  The  lower  lakes  also  attracted 
the  most  people  and  the  greatest  degree  of  urbanization  and  in¬ 
dustrialization.  Industrial  effluent  and  especially  human  sewage 
ii^ected  huge  doses  of  phosphorus  and  nitrogen — ^both  of  them 
nutrients — into  the  lakes. 

A  number  of  nutrients  are  necessary  to  support  life,  just  as  a 
number  of  fluids — oil,  gasoline,  transmission  fluid,  water — are 
needed  to  propel  an  automobile  engine.  Tb  slow  the  pace  of 
growth,  it  is  only  necessary  to  limit  one  of  them.  Scientists  and 
regulators  determined  in  the  1960s  that  limiting  phosphorus 
would  be  the  most  effective  and  economical  means  of  controlling 
eutrophication. 

High  phosphorus  levels  in  the  Great  Lakes  increased  the 
quantity  of  phytoplankton,  which  in  turn  absorbed  much  of  the 
available  nitrogen  in  the  water  column.  This  gave  a  great  ad¬ 
vantage  to  blue-green  algae,  which  alone  among  the  algae  are 
able  to  take  the  nitrogen  they  need  from  the  atmosphere.  Blue- 
green  algae  tend  to  float  on  the  surface  of  the  lakes,  blocking  the 
light  so  that  diatoms  indigenous  to  the  deep  waters  can  no  longer 
survive.  As  a  consequence  of  this  change  in  the  food  base, 
zooplankton  populations  feeding  in  the  upper  stratum,  or  epilim- 
nion,  prosper  at  the  expense  of  deepwater  species.  This  change,  in 
turn,  favors  invading  fish  species,  such  as  alewife,  at  the  expense 
of  the  indigenous  chub,  cisco,  and  lake  herring.  The  balanced  food 
supply  that  had  prevailed  in  the  Great  Lakes  for  the  previous 
10,000  years,  with  algal  productivity  taking  place  almost  con¬ 
stantly  through  much  of  the  water  column,  was  replaced  by  a 
seasonal  cycle  of  blooms  and  crashes — massive  die-offs— of  sur¬ 
face  algae.^® 

Eutrophication  is  sometimes  thought  of  as  a  natural  process, 
akin  to  aging,  whereby  rivers  and  lakes  turn  into  swamps  and 
then  dry  land  over  the  course  of  thousands  of  years.  But  aging  is 
an  irreversible  process.  It  moves  in  only  one  direction,  whereas 
eutrophication  can  be  reversed.  Scientists  who  have  studied  the 
fossilized  records  of  ancient  lakes  believe  that  the  fertility  of 
lakes  changes  as  the  watershed  changes,  becoming  more  or  less 
fertile  as  the  surrounding  land  is  changed  by  alterations  in 
climate  or  other  factors.^®  Indeed,  the  critical  factor  leading  to 
eutrophication  in  the  Great  Lakes  was  human  activity  through- 
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out  the  Great  Lakes  watershed.  Yet  because  of  changes  in  human 
activity  over  the  last  20  years,  the  process  of  eutrophication  on 
the  Great  Lakes  has  been  halted,  at  least  temporarily,  and  in 
some  cases  has  been  reversed. 


Toxic  Chemicals 

The  problem  of  toxic  contamination  in  the  Great  Lakes  has 
proven  more  intractable.  About  30,000  chemical  compounds  are 
used  in  the  Great  Lakes  Basin  today,  and  an  additional  1,000 
new  chemicals  are  developed  each  year.  By  1987  the  United 
States  and  Canada  had  verified  the  presence  in  the  Great  Lakes 
of  362  compounds  with  a  high  potential  for  toxicity.^ 

The  toxics  problem  in  the  Great  Lakes  is  similar  to  the 
eutrophication  problem  in  that  it  is  a  condition  affecting  the 
whole  interrelated  system  of  living  things.  Here  again,  the  prob¬ 
lem  begins  with  the  phytoplankton,  the  building  blocks  of  life. 
When  these  tiny  creatures  process  even  minute  quantities  of 
some  toxic  chemicals,  they  can  absorb  them  and  then  pass  them 
on  through  the  food  chain  to  insects,  fish,  animals,  and  humans. 
That  process  is  known  as  biomagniiication,  and  it  is  a  key  concept 
for  understanding  toxic  chemicals  in  the  Great  Lakes. 

At  the  "bottom"  of  the  food  chain,  ph3rtoplankton  are 
equipped  by  nature  to  scour  huge  volumes  of  water  to  collect 
nutrients  found  in  very  low  concentrations.  In  the  process  of  col¬ 
lecting  nutrients,  they  may  also  collect  persistent  man-made 
chemicals,  such  as  pesticides.  The  concentration  of  such  chemi¬ 
cals  in  living  cells  can  become  very  high,  even  though  concentra¬ 
tions  in  the  water  may  be  below  the  level  of  detection. 
Zooplankton  and  small  fish  eat  great  quantities  of  phytoplank¬ 
ton,  further  concentrating  the  persistent  chemiceils.  The  large 
fish  eat  the  smaller  fish,  and  the  birds  eat  the  larger  fish.  At  each 
step  up  the  chain,  the  concentration  of  chemicals  can  increase  by 
orders  of  magnitude.  Toxic  residues  have  been  observed  in  Great 
Lakes  birds  at  levels  that  were  25  million  times  the  levels  found 
in  the  open  waters.*^ 

Near  the  top  of  the  food  chain  are  the  bald  eagles,  which  eat 
fish  and  fish-eating  gulls.  The  eagle  is  sometimes  considered  one 
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of  the  best  barometers  of  the  chemical  health  of  the  lakes.  In 
general,  when  the  predator  at  the  top  of  the  food  chain  is 
reproducing  and  thriving,  ecologists  consider  the  overall  ecosys¬ 
tem  to  be  healthy  as  well.^^  In  the  1980s  bald  eagles  nesting  near 
the  Great  Lakes  were  reproducing  at  about  half  the  rate  of  bald 
eagles  five  miles  inland.^ 


Health  and  Biological  Effects 

Many  of  the  chemicsds  of  most  concern  to  human  health  tend  to 
accumulate  in  fatty  tissues.  Thus  large  fatty  fish,  egg  yolks,  and 
mother’s  milk  tend  to  become  depositories  of  these  chemicals. 

Great  Lakes  scientists  have  investigated  the  accumulation  of 
toxic  chemicals  in  the  eggs  of  the  herring  gull,  a  fish-eating  bird 
that  dwells  in  large  numbers  near  the  lakes.  Figure  8-1  il¬ 
lustrates  how  one  of  the  most  persistent  and  troublesome  chemi¬ 
cal  groups,  PCBs,  is  almost  50,000  times  as  concentrated  in 
herring  gull  eggs  as  it  is  in  ph3doplankton.  Once  chemicals  of  this 
kind  enter  an  organism,  they  tend  to  stay  there  for  years.*^ 


Figure  8-1. — Concentrations  of  PCBs  Biomagnified  in  the  Aquatic 
Food  Chain  of  the  Great  Lakes. 
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Source:  U.S.  Environmental  Protection  Agency  and  Environment  Canada,  The 
Great  Lakes:  An  Environmental  Atlas  and  Resource  Book,  EPA  and 
Environment  Canada,  Chicago  and  Toronto  (1987). 
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Toxic  chemicals  in  fish  have  begun  to  produce  detectable  ef¬ 
fects  in  hiiman  beings  who  live  near  the  lakes.  In  1975  scientists 
noticed  an  elevated  level  of  PCBs  in  people  who  frequently  ate 
Great  Lakes  flsh.^^  In  1980  Canadian  and  U.S.  scientists  con¬ 
cluded  that  this  condition  could  cause  adverse  health  effects.^^ 
Pregnant  women,  infants,  and  small  children  were  considered  to 
be  at  particular  risk.  One  ground-breaking  study  compared  in¬ 
fants  of  women  who  regularly  ate  fish  from  Lake  Michigan  to  in¬ 
fants  of  women  in  the  same  area  who  did  not  eat  fish.  The  former 
group  experienced  significantly  higher  incidences  of  low  birth 
weight  and  delayed  intellectual  and  physical  development.^^  A 
follow-up  study  of  the  same  infants  at  the  age  of  four  showed  that 
those  who  took  in  higher  levels  of  PCBs  from  the  mother’s  placen¬ 
ta  exhibited  poorer  short-term  memory  than  those  exposed  to  less 
PCBs  in  the  womb.^  Ingestion  of  the  same  chemicals  through 
breast  milk  did  not  produce  a  similar  effect,  even  though  the 
quantities  involved  were  significantly  higher  in  the  milk. 

Due  to  toxic  contamination,  all  of  the  Great  Lakes  states  and 
provinces  have  issued  health  advisories  about  eating  lake  fish. 
Table  8-2  lists  Great  Lakes  fish  consumption  advisories. 

The  advisories  from  the  various  states  are  not  always  consis¬ 
tent.  The  same  amount  of  the  same  fish  is  considered  safe  in  one 
state  and  unsafe  in  another.  Clearly,  considerable  scientific  un¬ 
certainty  remains  as  to  what  levels  of  which  chemicals  trigger 
human  health  effects. 

Moreover,  recent  scientific  information  has  not  yet  been  fully 
integrated  into  state  and  federal  regulatory  processes.  For  ex¬ 
ample,  fish  consumption  advisories  are  not  always  based  on  the 
most  current  understanding  of  the  health  impacts  of  PCBs. 

Polychlorinated  biphenyls  (PCBs)  are  colorless,  odorless 
chemicals  widely  used  in  electrical  equipment  and  other  in¬ 
dustrial  applications.  Before  they  were  banned  in  1976,  1.4  bil¬ 
lion  pounds  were  produced  in  this  country.*® 

PCBs  are  composed  of  209  separate  compounds,  known  as 
congeners  or  isomers.®®  Each  of  these  congeners  exhibits  a  dif¬ 
ferent  degree  and  t5q)e  of  toxicity,  bioconcentrates  at  different 
rates,  and  generally  behaves  differently  from  the  others  in  the  en¬ 
vironment.®^  Some  PCB  isomers  are  a  million  times  more 
dangerous  than  others.  Yet  some  state  health  departments  are 
not  equipped  to  distinguish  between  the  different  isomers.  They 
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Source:  Great  Lakes  Water  Quality  Board,  1987  Report  on  Great  Lakes  Water  Quality:  Report  to  the  IJC,  International  Joint  Commission.  Windsor,  Ontario  (March  1980). 
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base  their  health  warnings  and  reassurances  on  total  PCBs.  A 
number  of  biologists  and  toxicologists  believe  that  state  toxics 
monitoring  programs,  based  on  total  PCBs,  are  "completely 
meaningless"  and  "provide  reassurance  to  the  public  that  is  whol¬ 
ly  unwarranted."®* 

Moreover,  the  states  and  the  federal  Food  and  Drug  Ad¬ 
ministration  base  many  of  their  warnings  on  PCB  levels  in  fish 
because  of  the  threat  of  cancer.  While  cancer  is  a  serious  concern, 
a  more  immediate  and  perhaps  more  severe  problem  may  be  re¬ 
lated  to  birth  defects  and  reproductive  failures.®®  In  fact,  the 
studies  of  infants  and  young  children  whose  mothers  ate  PCB- 
contaminated  fish  from  Lake  Michigan  suggest  that  reproductive 
failures  and  birth  defects  may  be  the  human  health  effect  of 
most  immediate  concern  in  the  Great  Lakes  area. 

A  set  of  experiments  involving  the  Forster’s  tern,  a  common 
Great  Lakes  nesting  bird,  illustrates  the  effects  of  PCB  isomers 
on  the  process  of  birth.  In  one  experiment,  20  eggs  were  collected 
from  each  of  two  colonies.  One  colony  was  located  at  Green  Bay 
in  Lake  Michigan,  an  area  contaminated  with  a  variety  of  pol¬ 
lutants;  the  other  was  located  at  Lake  Poygan,  Wisconsin,  a  rela¬ 
tively  clean,  inland  lake.  The  eggs  were  artificially  incubated. 
Twice  as  many  live  chicks  were  hatched  from  the  Lake  Poygan 
eggs  as  from  the  Green  Bay  eggs.  It  took  4.6  days  longer  for  the 
Green  Bay  eggs  to  hatch.  Despite  the  longer  incubation  period, 
the  Green  Bay  eggs  weighed  22  percent  less  than  the  Lake 
Poygan  eggs.  Two  Green  Bay  embryos  were  abnormal:  one  had  a 
crossed  beak  and  the  other  had  a  poorly  ossified  foot  and  a  short 
lower  beak.  A  hatched  chick  from  the  Green  Bay  group  had  ab¬ 
normal  bone  structure.  The  Green  Bay  chicks  had  enlarged 
livers  and  abnormally  high  liver  enzyme  activity. 

A  second  experiment  demonstrated  that  adult  terns  from 
contaminated  regions  abandoned  their  nests  and  lost  their  eggs 
more  frequently  than  their  inland  cousins.  The  PCB  isomers 
identified  in  those  experiments  impaired  the  eggs  as  well  as  the 
breeding  behavior  of  the  parents.®*  These  kinds  of  chemically  in¬ 
duced  effects  on  fish  and  wildlife  may  be  on  the  rise.  Recent 
monitoring  data  indicate  that  the  overall  effects  of  toxic  chemi¬ 
cals  are  increasing  in  colonial  waterbirds,  even  though  the  con¬ 
centrations  of  toxic  chemicals  in  the  water  are  declining.®®  Fish 
tumors  and  other  evidence  of  toxic  contamination  are  common. 
Mink  and  otter  have  all  but  disappeared  from  large  sections  of 
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the  Great  Lakes  shoreline,  especially  Lake  Michigan,^  probably 
due  to  reproductive  failure. 

The  Science  Advisory  Board  of  the  International  Joint  Com¬ 
mission  is  encouraging  the  U.S.  and  Canadian  governments  to 
carry  out  a  comprehensive  binational  investigation  of  the  sig¬ 
nificance,  nature,  and  extent  of  human  exposure  to  toxic  chemi¬ 
cals  in  the  Great  Lakes.  The  Board  believes  that  the  fish  and 
wildlife  populations  already  have  sent  a  clear  danger  signal 
regarding  human  health  and  safety.  Consequently,  scientists 
have  begun  to  develop  models  for  the  movement  of  contaminants 
and  toxic  effects  through  the  food  chain.®’  Of  special  concern  are 
the  effects  of  toxic  chemicals  on  reproduction  and  on  the  health  of 
juvenile  members  of  species,  including  human  beings. 

The  Conservation  Foundation  and  the  Institute  for  Public 
Policy  recently  completed  a  msgor  study  of  the  Great  Lakes.  That 
report  stated: 

. . .  there  may  be  subtle  effects  on  human  health  that  have 
gone  largely  undetected  and  that  stem  from  contaminants  in 
the  food  web.  Certain  identifiable  subgroups  of  the  population 
appear  to  be  at  elevated  risk  of  exposure.  These  include 
human  embryos,  infants  and  children  whose  parents  have 
bioaccumulated  substantial  quantities  of  toxic  chemicals  that 
exist  in  fish  and  waterfowl.  The  health  effects  in  the  offspring 
may  include  altered  cognitive,  motor,  and  behavioral 
development.  Preliminary  studies  suggest  that  these  subtle 
effects  may  be  far  more  significant  among  at-risk  populations 
than  cancer  and  gross  physical  defects.  The  need  for  "more 
data"  is  urgent.^ 


Ecosystem  Remedies 


Pollution  control  efforts  in  the  Great  Lakes  Basin  have  at¬ 
tempted  to  reduce  the  discharges  of  contaminants  from  point  and 
nonpoint  sources.  The  emphasis  has  been  on  phosphorus,  but 
other  nutrients,  such  as  nitrogen,  also  have  received  attention. 
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Moreover,  in  recent  years  toxic  contaminants  have  become  a 
mcgor  problem,  and  their  control  a  challenge. 


Nutrients 

By  1972  the  eutrophication  problem  in  the  Great  Lakes  had  be¬ 
come  so  severe  that  the  United  States  and  Canada  agreed  to  an 
aggressive  program  of  phosphorus  reduction  in  the  lower  lakes. 
By  1983  the  two  governments  had  agreed  on  target  phosphorus 
loads  for  all  the  lakes  and  on  reductions  by  each  country  in  all 
lakes  but  Lake  Ontario. 

Point  Source  Controls:  Phosphorus 

Controls  on  the  amount  of  pollutants  that  are  discharged  from 
the  pipes  of  factories  and  municipal  sewage  plants  are  known  as 
point  source  controls.  During  the  last  20  years,  governments  on 
both  sides  of  the  border  have  spent  billions  of  dollars  on  sewage 
facilities  to  sharply  reduce  point  source  phosphorus  discharges. 
Table  8-3  shows  statistics  on  phosphorus  discharges  from 
municipal  sewage  treatment  plants  for  each  year  between  1975 
and  1985.®®  In  1975  U.S.  municipal  governments  discharged 
more  than  6,700  metric  tons  of  phosphorus  into  Lake  Erie.  Ten 
years  later  phosphorus  discharges  had  declined  to  less  than 
2,200  tons.  Private  industry,  spurred  by  new  regulations,  also 
achieved  significant  reductions. 

The  effort  to  reduce  phosphorus  discharges  was  aided  fur¬ 
ther  by  bans  on  household  detergents  containing  phosphates.  All 
the  Great  Lakes  states  except  Ohio  and  Pennsylvania  have  had 
phosphate  bans  for  a  number  of  years.  Ohio  passed  a  phosphate 
law  in  1988,  and  Pennsylvania’s  phosphate  ban  was  enacted  in 
1989.  The  Province  of  Ontario  also  has  a  phosphate  law,  but  it  is 
much  less  restrictive  than  its  U.S.  counterparts. 

Federal  and  state  governments  in  the  Great  Lakes  states 
have  issued  more  than  2,500  pollution  control  permits  to  private 
industry  and  more  than  1,100  to  municipal  governments.  Most  of 
the  permits  contain  phosphorus  limits,  and  most  of  the  recipients 
are  in  compliance  with  their  permits.^ 
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Table  8-3. — Municipal  Phosphorus  Loadings  Reported  in  the  Great  Lakes  Basin,  1975-85. _ 
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The  point  source  control  effort  in  the  Great  Lakes  has 
changed  the  chemical  nutrient  balance  of  the  lakes.  In  1974  the 
concentration  of  phosphorus  in  the  open  waters  in  the  eastern 
basin  of  Lake  Erie  was  a  little  more  than  20  micrograms  per  liter 
(20  pg/L),  a  concentration  that  could  stimulate  unwanted  blooms 
of  algae.  By  1989  phosphorus  concentrations  had  been  reduced  by 
about  half  to  just  slightly  above  the  safe  level  of  10  micrograms 
per  liter  (10  pg/L).  Figure  8-2  illustrates  the  decline  in  phos¬ 
phorus  levels  in  eastern  Lake  Erie,  Lake  Michigan,  and  Lake  On¬ 
tario,  and  it  projects  future  phosphorus  levels. 

The  general  public  has  been  able  to  see  that  the  phosphorus 
reduction  program  of  the  last  two  decades  has  succeeded.  The 
vast  rotting  masses  of  blue-green  algae  that  so  alarmed  the 
United  States  and  Canada  have  not  been  seen  in  recent  years. 
Lake  Erie’s  return  from  the  "dead"  has  become  a  standard  text  of 
environmental  progress.  Valdas  Adamkus,  current  Great  Lakes 
Program  Manager  and  regional  administrator  of  EPA  Region  V, 
describes  the  progress  this  way,  "We  have  not  solved  the 
eutrophication  problem,  but  we  have  brought  it  under  control."*^ 


Nonpoint  Source  Controls; 

Phosphorus 

Most  of  the  progress  in  reducing  nutrients  in  the  Great  Lakes 
resulted  from  controls  on  large,  discrete  pollution  sources,  espe¬ 
cially  municipal  sewage  treatment  plants  and  factories.  But 
large  centralized  facilities  are  not  the  only  sources  of  nutrients. 
Vast  quantities  of  nutrients  and  other  pollutants  are  washed  off 
the  land  and  into  the  Great  Lakes  by  rainfall.  Nonpoint  sources 
are  major  contributors  of  biological  pathogens,  nutrients,  sedi¬ 
ments,  metals,  and  other  toxic  chemicals  in  the  Great  Lakes. 

Nonpoint  source  pollution  is  diffuse.  A  suburban  lawn  can  be 
a  nonpoint  source  of  water  pollution.  Farmlands,  parking  lots, 
streets,  and  construction  sites  are  other  nonpoint  sources. 

Eutrophication  problems  in  Lake  Erie,  Lake  Ontario,  and  in 
Saginaw  Bay  cannot  be  solved  by  point  source  controls  alone.  For 
example,  the  western  basin  of  Lake  Erie  continues  to  be 
eutrophic  despite  improvements  in  point  source  controls.  Eighty 
percent  of  the  phosphorus  entering  the  basin  is  from  diffuse  sour¬ 
ces,  mostly  soils  that  have  washed  off  agricultural  lands  during 
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Figure  8-2. — Simulated  Total  Phosphorus  in  Lake  Michigan,  Lake 
Ontario,  and  the  Eastern  Basin  of  Lake  Erie,  1974-99. 
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Source:  Great  Lakes  Water  Quality  Board,  1989  Report  on  Water  Quality, 

International  Joint  Commission,  Windsor,  Ontario  (October  1989),  page  78. 
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and  after  rain  storms.  The  problem  is  visible  in  satellite  photos  of 
the  western  basin  after  a  rain.  Great  clouds  of  sediment  can  be 
seen  entering  the  Lake  from  the  Maumee  and  Sandusky  Rivers, 
which  run  through  the  rich  agricultural  lands  of  northwestern 
Ohio,  and  from  the  Detroit  River,  which  picks  up  the  sediments 
dumped  in  Lake  St.  Clair  by  the  Thames  River,  which  runs 
through  southern  Ontario’s  farm  belt.** 

In  1983  national,  state,  and  provincial  governments  estab¬ 
lished  ambitious  goals  for  reducing  nonpoint  sources  of  phos¬ 
phorus  by  1990.  Each  of  the  Great  Lakes  states  was  given  a 
target  for  reducing  phosphorus  loads.  The  1990  reduction  goals 
for  Lake  Ontario,  Lake  Erie,  and  Saginaw  Bay  are  shown  in 
Table  8-4,  along  with  the  actual  reductions  achieved  by  1988. 

Table  8-4. — U.S.  Phosphorus  Load  Reduction  Goals  for  1990  in  Lake  Erie, 
Lake  Ontario,  and  Saginaw  Bay,  as  Compared  to  1988  Reduction  in  Phos- 
phorus  Loads. _ 


BODY  OF  WATER  PHOSPHORUS 


metric  tons  year 

Lake  Erie: 

1990  Goal  1,700 

1988  Reductions  330 

Reduction  Needed  to  Meet  1990  Goal  1,370 

Lake  Ontario: 

1990  Goal  235 

1988  Reductions  106 

Reduction  Needed  to  Meet  1 990  Goal  1 29 

Saginaw  Bay: 

1990  Goal  225 

1 988  Reductions  208 

Reduction  Needed  to  Meet  1 990  Goal  1 7 


Source:  EPA  Great  Lakes  National  Program  Office.  U.S.  Progress  in  Implementing  the  Great  Lakes 
Water  Quality  Agreement,  EPA.  Chicago  (1989).  pages  4-5. 

Progress  among  the  states  in  reaching  the  targets  for  non¬ 
point  nutrient  control  has  been  uneven.  Indiana  hsis  reached  its 
target,  and  New  York  and  Michigan  have  made  substantial 
progress.  Ohio  and  Pennsylvania  are  behind  schedule.  Some  por¬ 
tion  of  the  reductions  that  have  been  in  evidence  in  all  the  states 
may  be  attributable  to  the  dry  weather  of  1988,  which  reduced 
river  flows  and  erosion. 

The  Canadians  are  not  doing  much  better.  A  recent  study  of 
Ontario  agricultural  counties  reveals  that  many  Canadian 
farmers  are  using  fertilizers  and  phosphorus-based  pesticides  at 
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three  times  the  recommended  rates;  moreover,  only  minimal  use 
has  been  made  of  agricultural  conservation  practices  that  could 
reduce  erosion.^  Phosphorus  levels  in  local  streams,  including 
the  Thames  River,  violate  water  quality  standards  more  or  less 
all  the  time,  even  in  dry  weather.  Cadmium  in  streams  also  ex¬ 
ceeds  standards  100  per  cent  of  the  time.  Three  samples  out  of  10 
exceed  the  aquatic  life  standards  for  lead. 

The  story  of  nonpoint  controls  in  the  Great  Lakes  mirrors 
the  nonpoint  control  situation  nationwide.  There  is  now 
widespread  understanding  and  convincing  evidence  that  non¬ 
point  sources  need  to  be  controlled.  A  number  of  demonstration 
projects  have  established  techniques  and  land  management 
practices  for  controlling  polluting  runoff,  especially  on  farms. 
New  federal  laws,  including  the  Water  Quality  Act  of  1987  and 
the  "Sodbuster"  amendments  to  national  farm  legislation,  im¬ 
pose  large  new  regulatory  responsibilities  on  the  states  and  the 
private  sector.  In  addition,  in  the  Great  Lakes  area  the 
Canadian-American  agreements  of  the  last  few  years  impose 
new  international  obligations  to  meet  erosion  control  targets. 

Many  federal  and  state  regulatory  ofQcials  in  the  Great 
Lakes  states  believe  that  the  new  national  programs  for  control¬ 
ling  nonpoint  source  pollution  have  not  yet  had  a  positive  impact 
in  the  Great  Lakes.  The  Environmental  Protection  Agency’s  most 
recent  Phosphorus  Reduction  Report  recommends  a  number  of 
ways  to  improve  existing  programs.^  For  example,  one  method 
of  reducing  erosion  is  to  maintain  a  filter  strip  of  dense  vegeta¬ 
tion  along  the  banks  of  streams.  Programs  to  encourage  such  fil¬ 
ter  strips  operate  on  a  year-to-year  basis,  and  they  have  not  yet 
had  a  long-term  impact  on  the  Great  Lakes.  Similarly,  restora¬ 
tion  of  wetland  areas  and  better  protection  of  existing  wetlands 
are  other  steps  that  might  reduce  nonpoint  pollution  on  a  long¬ 
term  basis. 

Table  8-5  illustrates  the  importance  of  nonpoint  sources  to 
the  total  phosphorus  budget  of  the  Great  Lakes.  As  can  be  seen 
from  the  numbers,  nonpoint  pollution  is  a  mqjor  part  of  the  phos¬ 
phorus  budget. 

The  nonpoint  control  effort  in  the  Great  Lakes  region,  as  in 
the  country  as  a  whole,  has  focused  on  the  agricultural  sector. 
Agriculture  is  a  major  source  of  nutrient  pollution.  It  is,  however, 
by  no  means  the  only  source.  Stormwater  from  city  streets,  park¬ 
ing  lots,  lawns,  construction  sites,  and  landfills  carries  large 
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Table  8-5.— Estimated  Industrial,  Municipal,  and  Tributary  Phosphorus  1 

Loading  Data  to  the  Great  Lakes  by  Point  and  Nonpoint  Attribution,  1986.  | 

PHOSPHORUS 

SOURCE 

LAKE  LAKE 

SUPERIOR  MICHIGAN 

LAKE 

HURON 

LAKE 

ERIE 

LAKE 

ONTARIO 

ST. 

LAWRENCE 

RIVER 

POINT: 

Direct  Industrial 

metric  tons  year 

Discharge 

Indirect  Industrial 

81 

60 

23 

38 

29 

14 

Discharge 

Direct  Municipal 

79 

79 

35 

30 

27 

0 

Discharge 

Indirect  Municipal 

78 

367 

134 

1,689 

1,384 

146 

Discharge 

_ 60 

488 

305 

724 

365 

27 

Point  Subtotal 

NONPOINT: 

Tributary: 

298 

995 

496 

2,481 

1,805 

188 

Monitored 

Adjustment  for 

1,206 

2,646 

1,505 

5,446 

1,985 

93 

Unmonitored  Area 

1,064 

881 

803 

1,753 

652 

90 

Nonpoint  Subtotal 

2,269 

3,527 

2,308 

7,199 

2,637 

182 

Within-Lake  Totals 

2,567 

4,522 

2,805 

9,680 

4,441 

370 

Totals  may  not  sum  due  to  rounding. 

Source:  Great  Lakes  Water  Quality  Board.  1986  Report  on  Water  Quality:  Report  to  the  UC.  International 
Joint  Commission,  Windsor,  Ontario  (1987),  page  36. 


quantities  of  pollutants  to  the  Great  Lakes  and  their  tributaries. 
Moreover,  many  sewage  systems  in  the  region  carry  sanitary 
wastes  and  stormwater  in  the  same  pipes.  Each  significant  rain¬ 
fall  overloads  the  sewage  treatment  systems,  which  then  dis¬ 
charge  raw  sanitary  sewage  and  polluted  stormwater. 

In  general,  while  substantial  progress  has  been  made,  an  ef¬ 
fective  strategy  for  combating  nonpoint  pollution  of  North 
America’s  Great  Lakes  is  not  in  place.  Solving  the  problem  will 
require  action— coordinated  action — ^by  the  International  Joint 
Commission,  the  federal  governments  of  the  United  States  and 
Canada,  and  the  state  and  provincial,  and  local  governments. 
Changes  in  industrial  and  agricultural  practices,  waste  manage¬ 
ment,  and  consumer  habits  all  must  contribute  to  solving  the 
ecosystem-wide  scourge. 

Other  Nutrients 

The  nutrient  problem  with  perhaps  the  largest  potential 
economic  consequences  is  nitrogen.  Nitrogen  levels  in  the  Great 
Lakes  basin  have  been  increasing  steadily.^  Nitrogen  levels  in 
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Lake  Superior  have  quadrupled  in  the  last  100  years.^  Lake  On¬ 
tario  has  experienced  nitrogen  increases  of  almost  10  pg/L  per 
year  for  the  past  20  years.*’  Some  of  those  trends  are  illustrated 
in  Figure  8-3.  There  are  currently  few  controls  on  the  substantial 
discharges  of  nitrogen  compounds  from  sewage  plants  and  in¬ 
dustrial  facilities.  Nonpoint  control  efforts  have  been  focused 
primarily  on  phosphorus. 


Figure  8-3. — Nitrite  -i-  Nitrate  Concentrations  in  the  Great  Lakes. 
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The  effects  of  rising  nitrogen  levels  are  not  well  understood. 
Nitrate  and  nitrite  concentrations  of  10  mg/L  can  render  drinking 
water  unpotable.  Although  nitrate  levels  in  the  Great  Lakes  as  a 
whole  are  still  too  low  to  cause  drinking  water  problems  in  the 
near  term,  scientists  caution  that  water  intakes  should  be 
monitored.  Moreover,  if  the  trends  illustrated  in  Figure  8-3  con¬ 
tinue,  the  largest  source  of  potable  water  on  the  planet  could  be 
impaired. 

A  second,  more  immediate,  and  less  understood  risk  is  that 
rising  nitrogen  levels  could  cause  subtle  changes  in  the 
phytoplankton,  thus  setting  off  a  chain  reaction  of  the  type  that 
occurred  20  years  ago.  Thus  far,  no  adverse  impacts  have  yet 
been  detected  as  a  result  of  rising  nitrogen  levels. 

Control  of  nitrogen  discharges  could  cost  substantially  more 
than  the  billions  already  spent  on  phosphorus  control,  given  con¬ 
ventional  technologies.  In  its  third  biennial  report,  the  Interna¬ 
tional  Joint  Commission  stated: 

Governments  may,  in  the  near  future,  be  compelled  to 
address  the  question:  After  phosphorus,  what?  If  other 
nutrients  require  control,  significant  financial  resources  may 
be  required  as  they  have  been  for  phosphorus  control  and 
research  since  1972.  Unwise  planning  with  respect  to  other 
nutrients  may  reduce  the  achievements  of  phosphorus  control. 

Another  troublesome  nutrient  is  silica,  one  of  the  most  com¬ 
mon  elements  in  the  earth’s  crust.  Silica  is  the  building  block  of 
sand  and  many  rocks.  Yet  this  most  common  of  elements  seems  to 
be  in  short  supply  in  the  Great  Lakes.  The  most  desirable  micro¬ 
scopic  creatures  in  the  Lakes  are  diatoms,  which  are  distin¬ 
guished  by  their  silica  shells.  The  magor  source  of  the  type  of 
silica  favored  by  the  diatoms  are  the  decaying  bodies  of  other 
diatoms.  Investigators  now  believe  that  the  present  mix  of 
nutrients  in  the  lakes  causes  these  tiny  creatures  to  use  more 
silica  than  in  the  past.  The  net  result  is  fewer,  but  larger, 
diatoms,  which  could  stress  all  the  creatures  higher  up  the  food 
chain.*® 
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Toxics 

Toxic  chemicals  are  finding  their  way  into  the  Great  Lakes 
through  many  pathways.  Despite  existing  regulations,  in¬ 
dustries  and  cities  continue  to  discharge  large  amoimts  of  toxic 
chemicals  that  end  up  in  the  Great  Lakes.  Over  the  last  century, 
sediments  on  the  bottom  of  the  lakes  have  become  reservoirs  of 
toxic  chemicals,  which  frequently  leach  into  the  lake  water  and 
circulate  through  the  food  chain.  Runoff  from  city  streets,  high¬ 
ways,  and  farm  fields  carries  heavy  loads  of  toxic  metals, 
petroleum-based  products,  pesticides,  and  other  chemicals  into 
the  lakes.  Many  of  the  toxic  chemicals  emitted  into  the  atmos¬ 
phere  by  smokestacks  and  tail  pipes  around  the  world  find  their 
way  into  the  Great  Lakes.  Groundwater  contaminated  by  poorly 
designed  or  managed  solid  waste  landfills  is  yet  another  route  by 
which  the  Great  Lakes  are  being  degraded. 

Point  Sources 


The  Clean  Water  Act  of  1972  imposed  limits  on  industrial  and 
municipal  discharges  of  pollutants.  For  the  most  part,  early 
regulations  controlled  so-called  conventional  pollutants,  par¬ 
ticularly  oxygen-demanding  material  and  suspended  solids. 
Reducing  the  discharge  of  these  materials  also  brought  about  a 
reduction  of  toxic  discharges.  For  example,  many  toxins  that  ad¬ 
here  to  the  surfaces  of  suspended  solids  were  kept  out  of  the 
Great  Lakes  by  conventional  treatment  techniques. 

On  the  other  hand,  many  toxins  continued  to  enter  water¬ 
ways  through  factory  and  municipal  effluent  pipes.  In  1987  Con¬ 
gress  passed  amendments  to  the  Clean  Water  Act  requiring  a 
further  racheting  down  of  toxic  material  discharges. 

At  about  the  same  time,  municipal  governments,  under 
pressure  from  state  and  federal  regulators,  began  to  implement 
industrial  pretreatment  programs.  Industries  that  discharged 
their  effluents  to  public  sewers  were  required  to  remove  any 
toxics  that  could  pass  through  the  municipal  sewage  treatment 
plants,  damage  the  plants,  imperil  workers,  or  cause  the  residual 
sludge  produced  in  the  plants  to  become  hazardous.  By  1989 
more  than  95  percent  of  U.S.  Great  Lakes  municipalities  had  in¬ 
stituted  state-approved  pretreatment  programs.*® 
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Those  steps  further  reduced  toxic  discharges  from  efduent 
pipes,  but  they  did  not  end  them.  The  pulp  and  paper  industry,  for 
example,  which  has  made  progress  in  reducing  conventional  pol¬ 
lutants,  continues  to  be  a  significant  source  of  persistent  toxic 
materials,  including  dioxins,  in  the  waters  of  the  Great  Lakes 
basin.  The  use  of  chlorine  as  a  bleaching  agent  in  the  production 
of  white  paper  results  in  discharges  of  10,000  tons  per  year  of  or- 
ganochlorines  into  the  lakes.  A  significant  fraction  of  this  family 
of  toxic  chemicals  tends  to  bioaccumulate.  Several  studies  have 
indicated  that  current  bleach  plant  effluents  "might  have  large- 
scale,  long-range  environmental  effects."*® 

Despite  the  new  pretreatment  programs,  U.S.  and  Canadian 
municipalities  continue  to  discharge  large  amounts  of  toxic  me¬ 
tals,  especially  chromium,  lead,  copper,  and  zinc  into  the  Great 
Lakes. 


Nonpoint  Sources 

The  total  amount  of  toxics  entering  the  Great  Lakes  waterways 
from  stormwater  and  combined  sewer  overflows  can  only  be  es¬ 
timated.  In  the  Detroit  area,  which  is  one  of  the  most  urbanized 
and  industrialized  regions  in  the  basin,  most  of  the  existing  in¬ 
formation  is  based  on  studies  at  least  10  years  old.  However, 
those  studies  have  generated  environmental  concerns.  For  ex¬ 
ample,  combined  sewage  overflows  from  Detroit  may  be  respon¬ 
sible  for  96  percent  of  the  mercury,  33  percent  of  total  PCBs,  25 
percent  of  the  cadmium,  29  percent  of  the  chromium,  and  32  per¬ 
cent  of  the  lead  entering  the  Detroit  River  each  year.®^ 


Groundwater 

Most  of  the  streams  that  feed  the  Great  Lakes  flow  even  in  the 
driest  weather,  because  they  are  fed  by  underground  aquifers. 
The  aquifers,  in  their  natural  state,  are  sources  of  pure  water. 
However,  the  aquifers  in  heavily  industrialized  and  urbanized 
areas  often  are  contaminated  with  industrial  chemicals.  Farm¬ 
lands  leach  herbicides,  pesticides,  and  nutrients,  especially 
nitrogen,  into  the  aquifers.  The  chemicals  then  find  their  way 
into  tributaries  and  thence  into  the  Great  Lakes.  Moreover, 
along  the  Niagara  River  and  the  St.  Clair  River  in  the  Sarnia 
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region  of  Ontario,  inadequately  controlled  hazardous  waste 
landfills  may  be  having  severe  impacts  on  surface  water  via 
groundwater.®* 

Neither  the  United  States  nor  Canada  has  mapped  the 
routes  of  contamination  through  groundwater,  although  the  EPA 
has  begun  efforts  in  this  area.  Such  information  is  needed  to  for¬ 
mulate  a  strategic  approach  to  this  problem  and  to  provide 
benchmarks  for  measuring  progress  in  the  future. 

Airborne  Toxics 


Isle  Royale,  in  the  middle  of  Lake  Superior,  is  50  km  from  the 
nearest  city.  Thunder  Bay,  Ontario.  Since  1940  the  island  has 
been  a  national  park  and  has  been  relatively  untouched  by 
human  activity.  In  the  middle  of  the  island  is  Siskiwit  Lake,  a 
spring  and  rain-fed  body  of  water  that  receives  no  inflow  from 
Lake  Superior.  Siskiwit  Lake  can  only  be  reached  by  a  backpack 
trail.  If  any  portion  of  the  Great  Lakes  basin  can  be  described  as 
pristine,  it  is  Siskiwit  Lake  on  Isle  Royale. 

Yet,  for  the  last  15  years,  scientists  have  been  discovering 
chemicals  usually  associated  with  intense  industrial  and  agricul¬ 
tural  activity  in  the  tissues  of  fish  caught  in  Siskiwit  Lake.  Some 
of  the  chemicals  are  not  known  to  have  been  used  to  any  sig¬ 
nificant  extent  anywhere  in  the  Great  Lakes  basin.  Tbxaphene, 
for  example,  an  agricultural  chemical  sprayed  on  cotton  fields,  is 
not  in  use  in  any  of  the  Great  Lakes  states.  Investigations  of  Sis¬ 
kiwit  fish  suggest  that  substances  like  toxaphene  arrived  by  air, 
often  from  a  great  distance.®* 

If  the  Siskiwit  studies  proved  the  link  between  the  atmos¬ 
phere  and  water  quality,  subsequent  investigations  demon¬ 
strated  that  the  phenomenon  is  not  confined  to  Isle  Royale. 
Indeed,  the  evidence  is  convincing  that  all  the  Great  Lakes  are 
receiving  airborne  debris,  much  of  it  toxic,  from  very  great  dis¬ 
tances.  Some  of  the  DDT  used  in  South  America  to  combat 
malaria  finds  its  way  into  the  lakes.  As  much  as  90  percent  of  the 
PCBs  in  Lake  Superior  come  from  the  atmosphere.  Figure  8-4 
quantifies  the  percentages  of  PCBs  that  are  deposited  out  of  the 
air  into  the  other  lakes.  The  percentages  are  lower  in  the  lower 
lakes  because  of  the  large  amounts  of  PCBs  that  are  deposited 
there  from  effluent  pipes,  land  runoff,  contaminated  ground- 
water,  and  contaminated  sediments. 
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Figure  8-4. — Concentrations  of  PCBs  in  the  Great  Lakes. 


The  atmosphere  provides  more 
than  half  the  PCBs  found  in  Lakes 
Superior,  Huron,  and  Michigan. 


6% 


Direct  atmospheric 
inputs  due  to  wet 
and  dry  deposition 

Indirect  atmospheric 
inputs  derived  from 
upstream  atmospheric 
deposition 


Source:  Strachan,  W.M.,  and  S.J.  Eisenreich,  Mass  Balancing  of  Toxic  Chemicals 
In  the  Great  Lakes:  The  Role  of  Atmsopheric  Deposition,  International  Joint 
Commission,  Windsor,  Ontario  (1988). 


America’s  greatest  surface  water  resource  is  uniquely  sus¬ 
ceptible  to  global  air  pollutants.  The  Great  Lakes  are  ideal 
receivers  of  airborne  toxics  because  of  their  enormous  surface 
area.  Once  chemicals  reach  the  lakes,  they  tend  to  stay  for  many 
years,  sometimes  for  centuries.  Thus  it  is  clearly  in  the  interest  of 
the  two  countries  with  the  largest  freshwater  lake  system  in  the 
world  to  work  together  to  limit  toxic  air  pollution. 


Contaminated  Sediments 


For  the  last  150  years,  soils,  silts,  clays,  sands,  organic 
materials,  and  debris  have  been  washing  into  the  Great  Lakes 
and  their  tributaries.  The  materials,  which  form  a  bottom  sedi¬ 
ment,  are  rich  in  nutrients  and  often  are  contaminated  with  haz¬ 
ardous  chemicals.  The  sediments  that  retain  the  greatest 
amount  of  toxic  contaminants  tend  to  be  fine  clays — those  com¬ 
posed  of  the  smallest  particles  and  with  the  largest  surface  area 
per  unit  volume. 
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As  much  as  90  percent  of  the  space  in  the  top  layers  of  bottom 
sediments  is  water.®^  Many  of  the  toxic  chemicals  move  from  the 
clay  particles  to  the  water  and  back  again.  Contaminated  sedi¬ 
ments  have  significant  effects  on  so-called  benthic  (bottom-dwell¬ 
ing)  organisms  and,  through  them,  the  entire  Great  Lakes 
ecosystem.  For  example,  the  mayfly  spends  its  larval  stage  in  the 
bottom  mud  and  its  adulthood  on  the  water  surface,  where  it 
provides  food  for  many  other  creatures.  An  absence  of  mayflies  on 
the  surface  is  a  symptom  of  contaminated  sediments  on  the  bot¬ 
tom. 

Many  of  the  benthic  organisms  disturb  the  bottom  sediments 
through  burrowing  and  digging,  thereby  causing  pollutants  to  be 
resuspended  in  the  water.  Large  ships,  storms,  and  water  mixing 
caused  by  seasonal  changes  in  temperature  have  the  same  effect. 
In  general,  however,  the  processes  and  rates  by  which  con¬ 
taminants  move  from  sediment  to  water  to  atmosphere  and  back 
again  through  the  biota  are  not  well  understood. 

The  U.S.  Army  Corps  of  Engineers  is  responsible  for  projects 
intended  to  keep  the  channels  of  navigation  in  the  Great  Lakes 
and  tributaries  open  to  shipping.  Given  the  high  rates  of 
sedimentation,  the  Corps  is  required  to  dredge  the  channels  fre¬ 
quently.  Disposing  of  the  dredged  material  always  has  been  a 
problem,  and  today  that  problem  is  aggravated  by  the  presence  of 
toxic  materials.  Dredging  itself  may  cause  contaminants  to  be 
resuspended  in  the  water,  and  disposing  of  the  dredged  sediment 
can  cause  further  environmental  problems. 

In  the  1960s  and  1970s  the  Corps  built  a  number  of  confined 
disposal  facilities  (CDFs)  to  hold  the  dredged  materials.  CDFs, 
which  are  surrounded  by  stone  dikes,  often  are  built  in  shallow 
waters  with  the  natural  shoreline  serving  as  one  boundary  of  the 
facility.  Sometimes  CDFs  are  built  as  islands,  where  partially 
dewatered  sediments  are  deposited.  About  30  such  facilities  are 
now  in  the  Great  Lakes.  While  they  have  a  number  of  advantages 
— ^reduced  land  costs  and  location  near  sediment  sources  and 
away  from  businesses  and  residences — they  have  a  number  of  en¬ 
vironmental  drawbacks.  CDFs  are  not  secure  hazardous  waste 
facilities.  In  fact,  they  are  designed  to  leak.  They  are  very  attrac¬ 
tive  to  insects  and  birds,  which  may  tsike  up  and  spread  toxic 
chemicals  contained  in  the  dredged  sediments. 
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The  Corps  of  Engineers  is  being  pressured  by  public  opinion 
and  its  own  concern  about  ecology  to  explore  more  expensive 
ways  of  permanently  entombing  or  otherwise  destro)dng  the 
dangerous  sediments  it  is  dredging  up  from  navigation  channels. 
The  most  cost-effective  solution  is,  of  course,  to  prevent  the  con¬ 
tamination  of  sediments  and  to  reduce  erosion  that  is  pouring 
sediments  into  the  navigation  channels.  (For  a  more  complete 
discussion  of  pollution  prevention,  see  Chapter  6  of  this  report.) 

Many  of  the  people  most  concerned  about  the  Corps’  naviga¬ 
tional  dredging  advocate  an  expansion  of  dredging  activity  to 
clean  up  some  of  the  most  contaminated  sediments  in  the  Great 
Lakes  ecosystem.®®  The  Clean  Water  Act  of  1972  gave  the  Corps 
authority  to  extend  its  dredging  beyond  that  required  for  naviga¬ 
tion  and  to  dredge  to  abate  pollution.  As  a  practical  matter,  how¬ 
ever,  primary  responsibility  for  cleaning  up  contaminated 
sediments  in  the  areas  of  concern  remains  with  state  and  local 
governments  and  the  private  sector. 


Progress  Assessment 

Toxic  chemicals  are  entering  the  Great  Lakes  ecosystem  from  the 
sky  above  and  from  the  groundwater  below.  Farms  and  factories, 
streets  and  sewage  plants  all  contribute  to  the  problem.  Many  of 
the  chemicals  of  concern  cause  environmental  degradation  in 
minute  concentrations.  Monitoring,  which  is  expensive  and  com¬ 
plex,  has  begun  only  recently  for  some  chemicals,  and  the  sig¬ 
nificance  of  some  types  of  measurements,  especially  measure¬ 
ments  of  total  PCBs,  is  in  doubt.  Other  long-standing  monitoring 
protocols  have  been  interrupted  or  curtailed  in  recent  years  be¬ 
cause  of  financial  constraints.®®  In  short,  long-term  reliable  data 
are  rare. 

Yet  between  1969  and  1972  Canada  and  the  United  States 
banned  or  restricted  the  use  and  production  of  heptachlor, 
dieldrin,  DDT,  PCBs,  and  mercury.  In  1976  mirex  production 
ceased.  Those  actions  caused  the  concentrations  of  those  chemi¬ 
cals  in  fish  and  fish-eating  birds  to  decline  significantly.  During 
the  decade  of  the  1980s,  the  data  suggest  continued  but  slower 
rates  of  improvement  with  regard  to  some  of  the  banned  chemi¬ 
cals,  despite  the  fact  that  evidence  indicates  some  of  those  chemi¬ 
cals  are  still  being  discharged  into  the  lakes,  especially  Lake 
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Ontario.  In  some  cases,  chemical  concentrations  in  fish  are  ac¬ 
tually  on  the  rise.  PCBs  in  fish  from  all  of  the  Great  Lakes  still 
exceed  the  safety  levels  agreed  upon  by  Canada  and  the  United 
States,  and  fish  consumption  advisories  for  PCBs,  mirex,  and 
mercury  are  still  common.®’ 

In  1989  the  Water  Quality  Board  of  the  IJC  summarized 
trends  in  toxic  contamination  of  eggs  collected  from  herring  gull 
colonies  in  a  report  that  stated: 

■  DDE.  Concentrations  in  eggs  collected  from  colonies 
throughout  the  Great  Lakes  in  1988  increased  over 

1987  levels.  However,  compared  to  DDE  levels  in  her¬ 
ring  gull  eggs  at  the  beginning  of  the  decade,  levels  in 

1988  were  48  percent  lower  in  two  Lake  Huron  bird 
colonies. 

■  Dieldrin.  Concentrations  for  1988  increased  in  10  of 
12  colonies  over  1987  levels.  However,  no  statistically  sig¬ 
nificant  difference  was  observed  between  1980  and  1988 
values. 

■  Mirex.  Compared  to  1987  concentrations,  1988  levels 
increased  in  4  of  12  colonies,  decreased  in  3,  and 
remained  unchanged  in  5.  Since  1980,  mirex  levels  have 
decreased  in  11  of  12  colonies. 

■  Hexachlorobenzene  (HCB).  In  1988  concentrations 
increased  from  1987  levels  in  8  of  12  colonies.  However, 
since  the  beginning  of  the  decade,  there  has  been  a  50- 
percent  decrease  in  3  Lake  Huron  colonies. 

■  PCBs.  In  1988  concentrations  increased  from  1987 
levels  in  8  of  12  colonies.  However,  since  1980  total  PCBs 
have  decreased  in  all  12  colonies,  and  levels  in  1988  were 
54  percent  lower  than  in  1980  for  3  Lake  Huron  colonies. 

■  2,3,7,8-TCDD.  Unlike  most  compounds,  levels  of 
2,3,7,8-TCDD  decreased  in  1988  compared  to  1987.  Since 
1980  2,3,7,8-TCDD  levels  appear  to  have  decreased  in 
the  reporting  colonies.®® 
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Thus  it  appears  that  the  only  chemicals  to  have  declined  sig¬ 
nificantly  in  the  Great  Lakes  ecosystem  are  those  whose  produc¬ 
tion  and  use  have  been  prohibited  outright  or  severely  restricted. 


Lake-by-Lake  Report 

In  its  1988  Report  to  Congress,  EPA  provided  a  lake-by-lake 
progress  report  on  the  Great  Lakes  cleanup  effort.  The  following 
summary  is  taken  primarily  from  that  document.®® 

■  Lake  Superior.  Closer  to  its  pristine  state  than  any  of  the 
others,  Lake  Superior  is  oligotrophic;  that  is,  overall  productivity 
of  algae  is  very  low.  Diatoms  and  other  desirable  species  are 
dominant.  Oxygen  levels  in  the  depths  of  the  lake  are  adequate 
to  support  life  year  round.®® 

Due  to  its  vast  size,  the  geological  characteristics  of  the  sur¬ 
rounding  land,  and  the  general  sparseness  of  human  settlement, 
adherence  to  sewage  treatment  discharge  standards  may  be 
enough  to  maintain  Lake  Superior’s  nutrient  balance.  Yet  nearly 
500  metric  tons  of  phosphorus  enter  Lake  Superior  from  the  at¬ 
mosphere  each  year. 

Lake  Superior’s  size  makes  it  an  easy  target  for  airborne  pol¬ 
lutants  from  around  the  world.®^  PCBs  from  the  air  have  caused 
the  states  to  issue  public  health  advisories  on  consumption  of 
lake  trout  and  walleye.  Lake  Superior  is  the  only  place  where  na¬ 
tive  lake  trout  still  thrive  without  human  intervention. 

The  International  Joint  Commission  has  designated  seven 
areas  of  Lake  Superior  as  areas  of  concern.  An  area  of  concern 
(AOC)  is  a  region  that  suffers  from  a  particularly  severe  combina¬ 
tion  of  toxic  and  other  problems.  The  three  U.S.  areas  of  concern 
are: 

•  St.  Louis  RiverlBay,  Sediments  in  St.  Louis  Bay,  at  the 
western  tip  of  the  lake,  are  moderately  to  heavily  pol¬ 
luted  with  arsenic,  chromium,  and  copper.  Some  sedi¬ 
ments  also  are  contaminated  by  lead  and  mercury. 
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•  Torch  Lake.  Copper  levels  in  the  water  are  6-10  times 
higher  than  the  IJC  target  levels.  Sediments  are  also 
contaminated  with  copper.  The  population  of  larger  in¬ 
vertebrates  is  sparse,  and  walleye  and  sauger  exhibit  a 
variety  of  tumors.  State  agencies  advise  against  eating 
walleye  and  sauger  caught  in  Torch  Lake,  no  matter  how 
large  or  small. 

•  Deer  Lake-Carp  CreekIRiver.  Sediments  and  fish  are 
contaminated  by  mercury.  No  bald  eagle  offspring  have 
been  produced  from  nesting  areas.  Health  advisories 
restrict  consumption  of  all  species  of  fish. 

■  Lake  Huron.  Also  in  fairly  good  condition.  Lake  Huron  has  a 
healthy  mix  of  phytoplankton  typical  of  an  oligotrophic  lake.®^ 
Concentrations  of  dieldrin  and  DDT  in  Lake  Huron  fish  are 
within  safety  tolerances,  but  the  concentrations  have  not 
changed  since  1979.  PCB  levels  in  fish  exceed  safety  limits  and 
show  no  signs  of  declining.  Consumption  of  lake  trout,  rainbow 
trout,  and  brown  trout  may  be  unsafe. 

Of  the  four  AOCs  in  Lake  Huron,  only  one  is  within  the 
United  States.  Saginaw  River/Bay  suffers  from  most  of  the  pollu¬ 
tion  problems  caused  by  an  industrial  society,  including  severe 
eutrophication.  Shore  areas  immediately  to  the  south  and  north 
of  Saginaw  Bay  are  close  to  a  mesotrophic  condition;  that  is,  they 
are  somewhere  between  eutrophic  and  oligotrophic.  While  direct 
discharges  of  phosphorus  have  declined,  the  concentrations  of 
phosphorus  in  the  open  waters  of  Lake  Huron  have  not  declined 
since  1976.®® 

Contaminants  in  the  water  of  Saginaw  Bay  include  metals, 
PCBs,  and  phenols.  Bay  sediments  also  are  contaminated  with 
metals  and  PCBs.  A  health  advisory  recommends  no  consumption 
of  carp  and  catfish,  while  consumption  of  lake  trout,  brown  trout, 
and  rainbow  trout  is  restricted.  Fish-eating  bird  populations  also 
are  being  affected  by  contaminants,  as  shown  by  reproductive 
failure  and  increeised  incidence  of  cross-beak  syndrome. 

■  Lake  Michigan.  The  only  Great  Lake  completely  within  the 
United  States  exhibits  all  the  trophic  conditions.  The  southern 
end  of  Green  Bay,  at  the  mouth  of  the  Fox  River  in  Wisconsin,  is 
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unquestionably  eutrophic.  The  same  is  true  of  areas  near  Mil¬ 
waukee.  The  southern  tip  of  Lake  Michigan,  which  is  strongly  in¬ 
fluenced  by  the  Grand  Calumet  River  and  the  Indiana  Harbor 
Canal,  is  also  eutrophic.  Most  of  the  southern  and  eastern  shores 
of  Lake  Michigan  are  between  oligotrophic  and  mesotrophic.  The 
central  waters  are  oligotrophic. 

PCB  and  DDT  concentrations  in  Lake  Michigan  lake  trout 
appear  to  be  gradually  declining,  but  they  remain  above  the  safe 
limits.  PCB  concentrations  are  about  40  times  the  target 
amounts.  DDT  concentrations  are  twice  as  high  as  allowed  toler¬ 
ances,  and  dieldrin  concentrations  hover  just  below  allowable 
levels. 

The  public  has  been  advised  not  to  eat  any  carp,  catfish,  or 
very  large  lake  trout,  chinook  salmon,  or  brown  trout  caught  in 
Lake  Michigan.  Restrictions  have  been  placed  on  other  fish  as 
well. 

The  IJC  has  identified  10  areas  of  concern  in  Lake  Michigan; 

•  Manistique  River,  The  lower  river  and  harbor  have 
elevated  levels  of  PCBs  and  lead.  Harbor  sediments  con¬ 
tain  cadmium,  lead,  PCBs,  and  zinc.  The  bottom  of  the 
harbor  is  dominated  by  pollution-tolerant  species. 

•  Menominee  River.  Water  in  the  lower  river  is  con¬ 
taminated  with  arsenic.  Sediments  are  moderately  to 
heavily  contaminated  by  arsenic,  mercury,  and  PCBs. 
Local  fish  exhibit  tumors,  and  river  water  is  toxic  to  cer¬ 
tain  aquatic  invertebrate  larvae. 

•  Fox  River  and  Southern  Green  Bay.  Over  100  toxic 
substances,  including  37  on  the  EPA  priority  pollutant 
list,  and  11  different  resins  and  fatty  acids  have  been 
found  in  discharges  to  the  lower  Fox  River.  Sediments  in 
the  lower  river  are  heavily  polluted  with  lead,  oil  and 
grease,  mercury,  PCBs,  zinc,  and  DDT.  Fish  tumors  are 
very  common,  and  consumption  is  restricted  for  10 
species.  Cormorants  are  having  trouble  reproducing,  and 
herring  gulls  suffer  from  thyroid  problems.  Bacteria  den¬ 
sities  periodically  put  the  area  off  limits  for  swimming. 
The  lower  bay  is  highly  eutrophic. 
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•  Sheboygan  Harbor,  PCB  levels  in  the  water  and  the 
sediment  are  very  high.  Pollution-tolerant  species  pre¬ 
dominate. 

•  Milwaukee  Estuary,  Open  water  and  sediments  are 
heavily  polluted  with  cadmium,  chromium,  copper,  lead, 
oil  and  grease,  PCBs,  and  zinc.  Chlordane  and  DDT  are 
also  present.  Pollution-tolerant  species  dominate  the 
food  chain.  Combined  sewage  overflows  during  rainfall 
cause  very  high  bacteria  count  at  local  beaches.  The  har¬ 
bor  is  eutrophic,  and  the  consumption  of  numerous  fish 
species  has  been  restricted. 

•  Waukegan  Harbor,  In  portions  of  this  harbor,  con¬ 
centrations  of  PCBs  in  the  sediment  are  as  high  as  50 
parts  per  100. 

•  Grand  Calumetlindiana  Harbor,  Water  quality  stan¬ 
dards  are  exceeded  for  copper,  lead,  selenium,  iron,  zinc, 
ammonia,  and  phenols.  Sediments  are  contaminated 
with  chromium,  lead,  oil  and  grease,  PCBs,  and  zinc. 
Fish  suffer  from  tumors  and  a  high  incidence  of  fin  rot. 
No  fish  caught  in  this  area  should  be  eaten,  and  bacterial 
counts  are  high. 

•  Kalamazoo  River,  High  PCB  levels  have  been  found  in 
the  water  and  sediment.  Consumption  of  all  fish  is 
restricted.  Phosphorus  levels  downstream  of  Kalamazoo 
are  high. 

•  Muskegon  Lake,  Some  shoreline  sediments  are  con¬ 
taminated  with  cadmium,  copper,  lead,  mercury,  zinc, 
and  pyrene.  Excess  nutrients  cause  algal  blooms. 

•  White  Lake,  This  lake  is  polluted  through  groundwater. 
Pollutants  include  chloroform,  trichloroethylene,  carbon 
tetrachloride,  and  perchloroethylene.  Sediments  are  con¬ 
taminated  with  chromium. 
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■  Lake  Erie.  The  first  of  the  lakes  to  succumb  to  severe  overen¬ 
richment,  Lake  Erie  was  also  the  first  to  show  signs  of  a  strong 
recovery.  Waters  move  through  Lake  Erie  more  rapidly  than 
through  the  other  lakes.  It  takes  2.6  years  for  the  volume  of 
water  in  Lake  Erie  to  pour  over  Niagara  Falls  and  through  the 
Welland  Canal  into  Lake  Ontario.  In  contrast,  Lake  Superior’s 
average  water  residence  time  is  191  years.  Thus  Erie  is  likely  to 
respond  more  quickly  to  reductions  in  pollution  than  the  other 
lakes. 

Phosphorus  discharges  into  Lake  Erie  have  declined  from  a 
high  of  28,000  metric  tons  per  year  of  phosphorus  discharges  in 
the  1960s  to  a  little  less  than  11,200  tons  today.®^  Most  of  this 
reduction  was  achieved  by  cutting  back  on  the  phosphorus  dis¬ 
charged  by  municipal  sewage  treatment  plants.  Legislated 
restrictions  on  phosphate  detergents  in  six  of  the  Great  Lakes 
states  and  the  Province  of  Ontario  also  helped  reduce  the  load.®® 

Lake  Erie’s  improvements  are  dramatic.  However,  during 
summer  stratification,  the  deep  waters  in  the  center  of  the  lake 
still  lose  all  or  most  of  their  oxygen.  Most  of  the  near-shore 
waters  are  eutrophic  or  mesotrophic,  and  the  shallow  waters  in 
the  western  end  of  the  lake  continue  to  be  overenriched.  The  80- 
90  percent  reduction  in  phosphorus  discharges  achieved  through 
regulation  of  municipal  sewage  plants  and  industries  has  not 
been  adequate  to  restore  Lake  Erie’s  chemical  balance. 

As  with  the  other  lakes,  the  largest  toxic  problem  in  Lake 
Erie  is  PCBs.  Concentrations  of  PCBs  in  walleye  exceed  objec¬ 
tives  contained  in  the  Great  Lakes  Water  Quality  Agreement  by 
as  much  as  five  times.  They  are,  however,  four  times  lower  than 
levels  set  by  the  FDA  to  protect  human  health. 

There  are  seven  areas  of  concern  within  the  U.S.  boundaries 
of  Lake  Erie  and  its  upstream  channels  with  Lake  Huron: 

•  Clinton  River.  Sediments  are  contaminated  with  oil 
and  grease.  Fecal  coliform  and  phosphorus  both  exceed 
acceptable  levels. 

•  Rouge  River,  Water  and  sediments  are  polluted  with 
metals,  PCBs,  HCB,  dibenzofurans,  and  polynuclear 
aromatic  hydrocarbons  (PAHs).  Fish  kills  occur  regularly 
in  the  summer.  Combined  sewer  overflows  contaminate 
the  river  with  bacteria. 


1970  E\’\  IRO\ME\’TAL  QUAEIEY  1990 


•  RaUin  River,  Water  and  sediments  are  contaminated 
with  metals  and  PCBs.  Invertebrates  have  died  ofT  in  the 
vicinity  of  Monroe  Harbor.  Combined  sewer  overflows 
occur  regularly  during  wet  weather. 

•  Maumee  River,  Ammonia,  arsenic,  lead,  copper,  zinc, 
cadmium,  iron,  and  mercury  all  exceed  Ohio’s  water 
quality  standards.  Sediments  are  contaminated  with  me¬ 
tals  and  have  been  found  toxic  to  minnows  and  inver¬ 
tebrates. 

•  Black  River,  Ohio  water  quality  standards  are  violated 
for  ammonia,  iron,  lead,  phenol,  cyanide,  cadmium,  cop¬ 
per,  and  zinc.  Sediments  are  contaminated  with  oil  and 
grease,  metals,  and  PAHs.  The  bottom  environment  is 
severely  degraded.  Fecal  coliform  exceeds  standards,  and 
no  fish  from  the  Black  River  should  be  eaten. 

•  Cuyahoga  River,  Toxics  in  the  river  include  cyanide, 
metals,  ammonia,  and  phenols.  Sediments  are  polluted 
with  metals,  oil  and  grease,  and  moderate  levels  of  PCBs, 
DDT,  PAHs,  and  phthalates.  The  bottom  environment  is 
degraded,  and  fecal  coliform  bacteria  frequently  exceed 
health  standards.  Despite  such  problems,  the  Cuyahoga 
is  now  in  much  better  condition  than  it  was  20  years  ago. 

•  Ashtabula  River,  Zinc,  cadmium,  and  mercury  exceed 
Ohio’s  water  quality  standards.  Sediments  are  highly 
polluted.  River  water  is  acutely  toxic  to  Daphnia,  a  kind 
of  water  flea  that  lives  in  clean  streams.  No  fish  from  the 
Ashtabula  should  be  eaten. 

■  Lake  Ontario.  Some  near-shore  waters  of  Lake  Ontario  are 
between  eutrophic  and  mesotrophic,  despite  substantial  reduc¬ 
tions  in  phosphorus  loadings.  Because  it  is  located  at  the  end  of 
the  Great  Lakes  chain.  Lake  Ontario  receives  toxics  and 
nutrients  from  all  the  other  lakes.  Pollution  concentrations  in 
the  open  waters  of  the  lake  are  generally  high  compared  to  those 
found  in  the  open  waters  of  the  other  lakes.  Yet  the  rate  of 
eutrophication  appears  to  be  declining  in  response  to  phosphorus 
controls. 
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Progress  is  uneven,  however.  Phosphorus  loadings  in  the  Bay 
of  Quinte,  a  sheltered  portion  of  Lake  Ontario,  were  cut  in  half  in 
1977,  and  a  year  later  phytoplankton  biomass  declined  sharply. 
However,  by  1984-85  the  biomass  of  phytoplankton  was  close  to 
that  of  the  pre-phosphorus  control  period,  despite  continued  low 
loadings.®® 

Although  the  United  States  and  Canada  have  agreed  to 
phosphorus  targets  for  Lake  Ontario,  scientists  are  still  uncer¬ 
tain  about  the  appropriate  balance  of  nutrients  in  the  lake.  The 
most  recent  loading  estimate  for  Lake  Ontario  is  nearing  the  tar¬ 
get  load  of  7,000  metric  tons  per  year. 

PCB  levels  in  Lake  Ontario  fish  are  decreasing,  even  though 
they  still  exceed  acceptable  levels  by  a  factor  of  10.  DDT  con¬ 
centrations  in  fish  have  stabilized  at  just  above  the  safe  limits. 
Dieldrin  concentrations  are  declining.  The  ambiguity  of  the  toxic 
situation  in  Lake  Ontario  is  reflected  in  the  public  health  ad¬ 
visory  not  to  consume  more  than  one  meal  a  month  of  white 
perch,  coho  salmon  (under  21  inches),  or  rainbow  trout  (under  18 
inches).  Consumption  of  a  number  of  other  fish  is  considered  un¬ 
safe. 

There  are  four  areas  of  concern  within  the  Lake  Ontario 
Basin; 

•  Buffalo  River,  Water  quality  standards  are  exceeded  for 
metals,  dieldrin,  benzene  hexachloride  (BHC),  and  chlor- 
dane.  Sediments  are  polluted  with  oil  and  grease,  iron, 
and  mercury.  Pollution-tolerant  species  dominate  the 
deeper  waters. 

•  Eighteen  Mile  CreeklOlcott  Harbor,  Trichlorofluoro- 
methane  pollutes  the  water,  along  with  cadmixim,  copper, 
lead,  nickel,  DDT,  and  dieldrin.  Sediments  at  the  mouth 
of  the  creek  are  moderately  to  heavily  polluted  with  me¬ 
tals. 

•  Rochester  Embayment,  Ammonia  levels  exceed  New 
York  state  objectives.  Harbor  sediments  contain  exces¬ 
sive  amounts  of  arsenic,  copper,  cyanide,  nickel,  and  zinc. 
Combined  sewer  overflows  keep  phosphorus  levels  high. 
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•  Oswego  River,  Water  is  contaminated  with  metals, 
chloroform,  and  ammonia.  Sediments  are  moderately  to 
severely  polluted  with  arsenic,  copper,  and  manganese. 
Salt  concentrations  have  altered  the  composition  of  river 
ph3rtoplankton . 


■  Connecting  Channels.  The  St.  Mary’s  River,  St.  Clair  River, 
Lake  St.  Clair,  the  Detroit  River,  and  the  Niagara  River,  known 
collectively  as  the  connecting  channels,  are  the  m^jor  links  be¬ 
tween  each  of  the  Great  Lakes.  The  St.  Lawrence  River  is  the 
m£gor  outflow  of  the  Great  Lakes  system  to  the  Gulf  of  St. 
Lawrence  and  ultimately  the  Atlantic  Ocean.  The  St.  Lawrence 
and  every  one  of  the  connecting  channels  except  Lake  St.  Clair 
has  been  designated  an  area  of  concern.  They  suffer  from  all  the 
ills  that  affect  the  Great  Lakes  themselves.  The  major  sources  of 
problems  are  the  old  urban-industrial  complexes  on  each  of  these 
rivers. 


Planning  for  Clean  Water 


Pursuant  to  the  Water  Quality  Agreement  between  the 
United  States  and  Canada,  federal,  state,  provincial,  and 
municipal  governments  in  the  Great  Lakes  region  are  engaged  to 
an  imprecedented  degree  in  water  quality  planning.  Three  types 
of  planning  are  going  forward.  Remedial  action  plans  (RAPs)  are 
being  developed  to  restore  beneficial  uses  in  each  area  of  concern. 
Lakewide  management  plans  (LMPs)  are  intended  to  correct  pol¬ 
lution  problems  in  the  open  waters  of  the  lakes.  Plans  for  Point 
Source  Impact  Zones  are  intended  to  identify  and  minimize  the 
immediate  effects  of  discharges  from  particular  factories  and 
sewage  plants. 

The  Point  Source  Impact  Zones  are  the  newest  manifestation 
of  the  old  problem  of  mixing  zones.  Some  large  municipalities  and 
industries  contend  that  they  need  a  mixing  zone  adjacent  to  their 
discharge  pipes  in  which  water  quality  standards  are  consider¬ 
ably  less  stringent  than  in  the  stream  or  lake  as  a  whole.  That 
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zone  is  needed,  the  argument  goes,  to  permit  dispersion  of  pol¬ 
lutants  to  acceptable  levels,  and  to  avoid  huge  expenditures  in 
additional  pollution  controls  without  overall  benefit  to  the  ecosys¬ 
tem. 

State  governments  have  established  different  and  some¬ 
times  conflicting  rules  for  mixing  zones.  Critics  of  the  process 
believe  that  Point  Source  Impact  Zones  should  be  outlawed  or 
curtailed.  The  IJC  encourages  a  negotiating  process  for  each  of 
the  major  mixing  zones  in  the  basin  to  minimize  environmental 
impacts. 

The  object  of  Lakewide  Management  Planning  is  to  arrive  at 
target  loadings  for  each  of  the  critical  pollutants  affecting  the 
whole  ecosystem  of  the  lakes.  LMPs  led  the  International  Joint 
Commission  and  the  national  governments  to  establish  numeri¬ 
cal  goals  for  the  total  amount  of  phosphorus  that  should  be  per¬ 
mitted  to  enter  each  of  the  lakes.  Thus  the  goal  for  Lake  Erie  is 
to  reduce  phosphorus  loadings  by  another  1,700  metric  tons.  The 
LMP  process  also  involves  an  allocation  or  rationing  of  dischar¬ 
ges  among  the  various  jurisdictions,  and  an  identification  of  the 
means  to  achieve  the  goal.  In  the  case  of  Lake  Erie,  the  original 
means  was  to  impose  strict  discharge  standards  on  municipal 
and  industrial  polluters.  In  the  future,  the  means  to  attain  the 
overall  phosphorus  goal  involves  new  controls  on  nonpoint  sour¬ 
ces.  This  type  of  planning  has  proven  remarkably  successful  in 
combating  eutrophication. 

The  lakewide  planning  process  is  intended  to  continue  the 
nutrient  control  program  and  to  establish  similar  goals,  alloca¬ 
tions,  and  methods  for  reducing  and  eventually  eliminating  toxic 
chemicals  from  the  ecosystem.  Yet  planning  for  the  reduction  and 
elimination  of  toxic  chemicals  is  much  more  complex  and  expen¬ 
sive  than  nutrient  planning.  The  type  of  planning  that  is  likely 
to  have  the  most  immediate  impact  on  the  average  resident  of 
the  region,  and  the  one  that  is  likely  to  be  most  costly,  is 
remedial  action  planning  for  restoration  of  the  areas  of  concern, 
the  most  polluted  areas  in  the  lake  region.  Table  8-6  summarizes 
water  quality  problems  in  each  of  the  areas  of  concern,  and  Fig¬ 
ure  8-5  shows  the  geographical  location  of  those  AOCs. 

The  International  Joint  Commission  has  called  on  the  state 
and  provincial  governments,  municipal  governments,  and  U.S. 
and  Canadian  federal  agencies  to  develop  and  implement 
remedial  action  plans  (RAPs)  for  each  of  the  areas  of  concern. 
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Lake  Erie 

Clinton  River  X  •  X  N/D 


have  been  directly  lined  to  contamination  by  polynuclear  aromatic  hydrocarbons 

Q]  Problem  exists  X  Problem  not  evident  N/D  No  data  available 


Source:  Great  Lakes  Water  Quality  Board,  1987  Report  on  Great  Lakes  Water  Quality,  International  Joint  Commission,  Windsor,  Ontario 
(March  1989). 
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The  RAPs  are  to  embody  a  "comprehensive,  ecosystem  approach 
to  restoring  and  protecting  beneficial  uses."  Thus,  plans  that  ad¬ 
dress  only  one  aspect  of  the  problem  are  by  definition  inade¬ 
quate. 

Similarly,  the  focus  of  the  RAP  is  beneficial  use.  That  is, 
while  numbers  and  standards  are  important,  the  real  measure  of 
success  is  whether  people  can  swim  where  swimming  was  pre¬ 
viously  banned,  whether  fish  and  wildlife  are  returning  to  areas 
where  they  had  been  forced  out  or  died  out,  whether  in  fact  the 
real  benefits  of  clean  water  are  being  restored. 

Very  few  environmental  regulations  are  written  to  protect 
entire  ecosystems.  In  fact,  most  regulations  have  a  very  narrow 
focus.  For  example,  uniform  national  standards  often  dictate  the 
type  of  technological  approach  all  members  of  a  particular  in¬ 
dustry  must  take.  Financial  aid  programs  often  define  what 
kinds  of  pollution  control  expenditures  are  eligible  for  aid  and 
what  type  are  ineligible.  Pollution  is  regulated  on  a  pollutant-by- 
pollutant  basis,  for  the  most  part  without  regard  to  their  inter¬ 
relationships.  Air  pollution  and  water  pollution  usually  are 
regulated  through  different  parts  of  state  and  federal  govern¬ 
ments.  Because  existing  laws,  financing  mechanisms,  and  in¬ 
stitutions  often  have  not  addressed  the  problem  of  restoring 
whole  ecosystems,  the  participants  in  the  RAP  process  are  in  a 
sense  charged  with  inventing  a  new  future.  Among  the  key 
strategies  that  have  begun  to  emerge  are  waste  minimization, 
source  reduction,  remediation  of  contaminated  sediments,  non¬ 
point  source  control,  and  combined  sewer  overflow  programs. 
Such  programs  typically  have  not  been  emphasized  in  previous 
regulatory  efforts.  Remedial  action  plans  are  a  means  to  assess 
appropriateness  on  a  case-by-case  basis,  to  reach  consensus  on  a 
technical  approach,  and  to  identify  or  create  funding  sources  for 
actual  implementation. 

Public  participation  is  a  critical  element  in  both  remedial  ac¬ 
tion  plans  and  in  lakewide  management  planning.  Local  in¬ 
dustries,  municipalities,  citizens  groups,  and  other  participants 
are  the  principle  "stakeholders",  as  their  interests  are  linked  to 
the  fate  of  the  Great  Lakes  ecosystem.  Consensus  among  the 
various  stakeholders  is  essential  to  the  achievement  of  the  policy 
and  behavioral  changes  necessary  for  the  restoration  of  beneficial 
uses. 
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The  RAP  process  represents  a  significant  shift  of  initiative 
from  the  centralized  national  governments  to  the  local  arena. 
Through  a  cooperative  consultation  process,  local  industries, 
governments,  and  citizens  are  setting  environmental  goals  and 
helping  select  appropriate  remedial  actions  to  achieve  those 
goals.®’  The  national  governments  retain  their  authority  to  ap¬ 
prove  or  disapprove  final  plans,  and  they  are  often  key  actors  in 
implementing  the  plans. 

By  the  end  of  1989  draft  plans  had  been  produced  for  8  of  the 
42  areas  of  concern.  Public  advisory  committees  or  stakeholder 
groups  had  been  assembled  in  32  areas.  A  number  of  interjuris- 
dictional  agreements  had  been  made.  For  example,  48  com¬ 
munities  as  well  as  state  and  federal  agencies  reached  agreement 
and  funded  $310  million  of  sewer  improvements  along  the  Rouge 
River,  Michigan;  Michigan  and  Ontario  have  agreed  to  cooperate 
on  joint  RAPs  for  the  St.  Mary’s,  St.  Clair,  and  Detroit  Rivers;  and 
New  York  and  Ontario  are  developing  RAPs  for  the  Niagara  and 
St.  Lawrence  Rivers. 

In  Waukegan  Harbor,  the  corporation  responsible  for  dump¬ 
ing  PCBs  has  agreed  to  dredge  the  harbor  and  incinerate  the 
PCBs.  Steel  companies  at  Hamilton  Harbour,  Ontario,  chemical 
companies  along  the  St.  Clair  River,  Ontario,  and  paper  mills 
along  the  Fox  River,  Wisconsin,  have  been  encouraged  to  cut  back 
on  pollutants  at  the  source.  A  number  of  other  useful  steps,  espe¬ 
cially  in  connection  with  defining  problems,  have  resulted  from 
the  RAP  process. 

For  the  most  part,  however,  the  planning  process  has  yet  to 
achieve  measurable  results.  Problems  that  have  been  brewing 
since  the  beginning  of  the  industrial  revolution  in  America  cannot 
be  solved  quickly.  In  the  case  of  the  RAPs,  the  key  issues  are  ones 
that  20  years  of  progressively  more  restrictive  environmental 
legislation  and  $11  billion  of  public  investment  have  left  un¬ 
resolved. 

The  cost  of  implementing  the  preliminary  plans  that  have 
been  developed  is  still  unknown.  One  plan,  for  example,  places 
the  cost  of  remediation  between  $60  million  and  $600  million. 
And  even  if  more  precise  financial  information  were  available,  it 
is  still  uncertain  where  the  money  would  come  from. 
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One  aspect  of  the  ecosystem  approach  is  the  linking  of  environ¬ 
mental  protection  to  economic  development  and  social  concerns. 
In  the  words  of  the  Brundtland  Commission,  established  in  1983 
by  the  United  Nations  to  devise  global  strategies  for  sustainable 
development:  "[T]he  environment  does  not  exist  as  a  sphere 
separate  from  human  actions,  ambitions  and  needs,  and  at¬ 
tempts  to  defend  it  in  isolation  from  human  concerns  have  given 
the  very  word  environment  a  connotation  of  naivety."  In  the 
Great  Lakes,  too,  the  byword  is  sustainable  development,  and 
the  goal  is  to  discover  the  link  between  water  quality  and  human 
prosperity. 

The  periods  of  greatest  environmental  degradation  of  the 
Great  Lakes  appear  to  overlap  with  periods  of  regional  economic 
decline.  As  Lake  Erie  was  dying,  the  region  became  known  in 
some  quarters  as  the  "rust  bowl."  A  similar  association  can  be 
seen  in  eastern  Europe,  in  an  extreme  form.  East  Germany, 
Poland,  Hungary,  Romania,  and  the  other  industrial  societies  of 
Eastern  Europe  are  beset  with  some  of  the  world’s  worst  environ¬ 
mental  problems.  The  two  systems — economic  and  environmen¬ 
tal — seemed  to  be  locked  together  in  a  web  of  causes  and  effects. 

Conversely,  environmental  recovery  goes  hand  in  hand  with 
economic  resurgence.  The  active  stance  of  the  Great  Lakes  gover¬ 
nors  on  behalf  of  environmental  quality,  the  large  investment  in 
sewage  and  waste  management  infrastructure  over  the  last  20 
years,  the  revival  of  urban  waterfronts,  and  similar  events  are  in¬ 
dicative  of  a  growing  prosperity.  Certainly,  future  improvements 
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in  water  quality  of  the  Great  Lakes  will  require  modernization  of 
Great  Lakes  industry,  improvements  in  farming  practices, 
restructuring  of  urban  drainage  and  waste  management  systems, 
restoration  of  lake  bottoms,  wetlands,  and  other  habitats,  expan¬ 
sion  of  recreational  facilities,  a  new  ethic  of  waste  avoidance  and 
energy  efficiency,  and  large  investments  in  physical  and  human 
capital.  These  steps  are  not  incompatible  with  economic  develop¬ 
ment;  they  are  essential  elements  of  it. 


Conclusion 

The  border  between  the  United  States  and  Canada,  one-third  of 
which  runs  through  the  Great  Lakes,  is  the  longest  un¬ 
militarized  border  in  the  world,  perhaps  in  the  history  of  the 
world.  The  last  time  hostile  shots  were  fired  was  in  1813,  when 
naval  forces  of  the  fiedgling  United  States  encountered  a  hostile 
British  flotilla  on  Lake  Erie  and  achieved  a  momentous  naval 
victory.  The  captain  of  the  American  fleet,  Oliver  Hazard  Perry, 
gave  the  following  memorable  report  of  his  success,  "We  have 
met  the  enemy  and  he  is  ours." 

Twenty  years  ago,  in  honor  of  the  first  Earth  Day,  cartoonist 
Walt  Kelly’s  comic  strip  character  Pogo  provided  a  modem  gloss 
to  those  old  watchwords:  "We  have  met  the  enemy  and  he  is  us." 
The  truth  of  those  words  is  especially  evident  in  the  environmen¬ 
tal  history  of  the  Great  Lakes.  Since  1970  the  friendship  between 
the  United  States  and  Canada  has  led  to  environmental  improve¬ 
ments  in  the  Great  Lakes,  as  well  as  to  an  honest  appraisal  of  the 
work  that  remains  to  be  done.  During  the  next  20  years,  the  en¬ 
tire  world  will  see  reflected  in  the  mirror  of  the  Great  Lakes  what 
two  "great  contrasting  nations"  can  accomplish  through 
friendship  and  a  shared  resolve  to  restore  a  common  heritage. 


378 


THE  GREAT  LAKES 


Notes  and 
References 


1.  Thurow,  C.,  G.  Daniel,  and  T.H.  Brown,  The  Lake  Effat-  Impact  of  the  Great 
Lakes  on  the  Region’s  Economy,  A  Report  to  the  Council  of  Great  Lakes  Gover¬ 
nors,  Center  for  the  Great  Lakes,  Chicago  (1984),  page  9. 

2.  Thurow,  Daniel,  and  Brown,  page  9. 

3.  U.S.  Environmental  Protection  Agency  and  Environment  Canada,  The  Great 
Lakes:  An  Environmental  Atlas  and  Resource  Book,  EPA  and  Environment 
Canada,  Chicago  and  Toronto  (1987),  page  20. 

4.  Ludwig,  J.P.,  and  H.  Kurita,  "Colonial  waterbird  deformities — an  effect  of 
toxic  chemical  residues  in  the  Great  Lakes?"  Pages  201-205  in  The  Great 
Lakes:  Living  with  North  America’s  Inland  Waters,  American  Water  Resources 
Association,  Bethesda,  MD  (November  1988). 

5.  Great  Lakes  Water  Quality  Board,  1987  Report  on  Great  Lakes  Water  Quality, 
Appendix  B  Great  Lakes  Surveillance,  Vb/.  Ill,  International  Joint  Commis¬ 
sion,  l^^ndsor,  Ontario  (March,  1989),  page  6.1-24. 

6.  Commoner,  B.,  "The  killing  of  a  great  lake,"  page  127  in  The  1968  World  Book 
Year  Book,  Field  Enterprises,  Chicago  (1968). 

7.  Peakall,  D.B.,  and  A.  Fox,  "Toxicological  investigations  of  pollutant  related  ef¬ 
fects  in  Great  Lakes  gulls,"  Environ.  Health  Perspectives  (April  1987),  71:187. 

8.  Gilbertson,  M.,  R.D.  Morris,  and  R.A.  Hunter,  "Abnormal  chicks  and  PCB 
residue  levels  in  eggs  of  colonial  birds  on  the  lower  Great  Lakes,  1971-1975," 
Auk  (1976),  93:434-442. 

9.  Gilbertson,  M.,  et  al.,  "Expanded  chick-edema  disease — certain  aspects  of 
reproductive  failure  in  colonial  fish-eating  birds:  implications  for  human 
health  and  regulatory  decisions,"  unpublished  paper  (December  22,  1989), 
page  53. 

10.  Ludwig  and  Kurita,  pages  201, 203. 

11.  Personal  communication  with  J.P.  Ludwig,  Ecological  Researchers,  Inc.,  Bay 
City,  MI  (February  16, 1990). 

12.  United  States  and  Canada,  Revised  Great  Lakes  Water  Quality  Agreement  of 
1978,  as  amended  by  protocol  signed  November  18, 1987. 

13.  Great  Lakes  Water  Quality  Board,  1989  Report  on  Water  Qualify,  Internation¬ 
al  Joint  Commission,  Windsor,  Ontario  (Oi^ber  1989),  page  110. 

14.  Stoermer,  E.F.,  "Bloom  and  crash:  algae  in  the  lakes,"  page  13  in  The  Enduring 
Great  Lakes:  A  Natural  History  Book,  Rousmaniere,  J.,  ed.,  Norton  &  Co.,  New 
York  (1979). 

15.  Mortimer,  C.H.,  "Props  and  actors  on  a  massive  stage,"  page  1  in  The  Endur¬ 
ing  Great  Lakes,  Rousmaniere,  ed. 

16.  EPA  and  Environment  Canada,  pages  13-14. 

17.  Stoermer,  pages  16-17. 

18.  Stoermer,  pages  18-19. 


379 


19.  Moss,  B.,  Ecology  of  Fresh  Waters:  Man  and  Medium,  Blackwell  Scientific,  2 
ed.,  London  (1988),  pages  359-61. 

20.  Great  Lakes  National  Program  Office,  Five  Year  Strategy  for  Great  Lakes  Na¬ 
tional  Program  Office,  FY 1989-1993,  EPA,  Chicago  (December  1988),  page  18. 

21.  Hofiman,  D.J.,  et  al.,  "Embiyotoxidty,  teratogendty  and  aryl  hydrocarbon 
hydroxylase  adivity  in  Forster’s  terns  on  Green  Bay,  Lake  Michigan,”  En¬ 
viron.  Res.  (1987),  42:176-184. 

22.  Colburn,  T.,  "Great  Lakes  Toxics  Working  Paper,”  commissioned  by  The  Con¬ 
servation  Foundation  and  Environment  Canada,  Washington,  DC  (April 
1988),  page  2. 

23.  Great  Lakes  Water  Quality  Board,  page  6. 1  and  Table  6. 1-3. 

24.  Gooch,  J.W,  and  F.  Matsumura,  "Toxicity  of  chlorinated  bomane  (toxaphene) 
residues  isolated  from  Great  Lakes  trout,”  Archives  of  Environ.  Contamina¬ 
tion  and  Toxicology  (May  1987),  16:349. 

25.  See  generally  Humphrey,  H.E.,  "Evaluation  of  changes  of  the  level  of 
polydilorinat^  biphenyls  (PCB)  in  human  tissue,”  Micldgan  Department  of 
Public  Health,  Lansing,  MI  (1975). 

26.  See  generally  Great  Lakes  Science  Advisory  Board  for  the  International  Joint 
Ck)mmission,  1980  Annual  Report,  A  Perspective  on  the  Problem  of  Hazardous 
Substances  in  the  Great  Lakes  Basin  Ecosystem,  UC,  Vfindsor,  Ontario  (1980). 

27.  Fein,  G.G.,  et  al.,  "Prenatal  exposvire  to  PCBs:  effects  on  birth  size  and  gesta¬ 
tional  age,”  J.  Pediatrics  (1984),  105:  315-392;  Swain,  W.R.,  "Human  health 
consequences  of  consumption  of  fish  contaminated  with  organochlorine  oom- 
poimds,”  Aquo/ic  Toxicology  (1988),  11:357-377. 

28.  Jacobson,  J.L.,  S.W.  Jacobson,  and  H.E.  Humphry,  "Effects  of  in  utero  ex¬ 
posure  to  polychlorinated  biphenyls  and  related  conteuninants  on  cognitive 
functioning  ofyoung  children,"  <7.  Pediatrics  (January  1990),  116:38. 

29.  See  generally  University  of  Wisconsin  Sea  Grant  Institute,  Eating  Lake 
Michigan  fish.  University  of  Wisconsin,  Madison  (April  1987). 

30.  An  isomer  is  defined  as  "any  of  two  or  more  chemical  compounds  having  the 
same  constituent  elements  in  the  same  proportion  by  weight  but  differing  in 
physical  or  chemical  properties  because  of  differences  in  the  structure  of  their 
molecules."  A  congener  is  "a  thing  of  the  same  kind,  class,  race  or  genus." 
Webster’s  New  Twentieth  Century  Dictionary  Unabridged,  2nd  ed. 

31.  Kannan,  N.,  S.  Tanabe,  and  R  Tatsukawa,  "Ibxic  potential  of  non-ortho  and 
mono-ortho  ooplanar  PCBs  in  commercial  PCB  preparations,"  Bull.  Environ. 
Contamination  Toxicology  (1988),  41:267-276. 

32.  Ludwig,  J.P.,  "A  Primer  on  Structure,  Function,  and  Toxicity  of  (Certain 
Xenobiotic  Chemicals,  Recommendations  to  the  Michigan  Natural  Resources 
(Commission  for  Revisions  to  the  State’s  Fish  and  Wildlife  Monitoring 
Programs  for  Ibxic  Chemical  Contamination,"  Ecological  Research  Services, 
Inc.,  Bay  City,  MI  (April  7, 1988). 

33.  Gilbertson,  et  al.,  page  54. 

34.  Hoffman,  D.J.,  et  al.,  "Embiyotoxicity,  teratogenicity  and  aryl  hydrocarbon 
hydroxylase  activity  in  Forster’s  terns  on  Green  Bay,  Lake  Michigan,"  En¬ 
viron.  Research  (1987),  42:176-184;  also  see  Kubiak,  T.J.,  et  al.,  "Microcon¬ 
taminants  and  reproductive  impairment  of  the  Forster’s  tern  on  Green  Bay, 
Lake  Michigan — 1983,"  Archives  of  Environmental  Contamination  and  Toxi¬ 
cology  (1989),  18. 


380 


THE  GREAT  LAKES 


36.  See  Kubiak,  TJ.,  et  al.;  Kurita,  H.,  J.P.  Ludwig,  and  M.E.  Ludwig,  "Results  of 
the  1987  Michigan  colonial  terns  and  double^ested  cormorants:  egg  incuba¬ 
tion  and  field  studies  of  colony  productivity,  embryologic  mortality  and  de¬ 
formities,”  Special  Report  to  the  Michigan  Department  of  Natural  Resources, 
Bay  City,  MI  (September  1987). 

36.  Ludwig  and  Kurito,  page  205. 

37.  Clark,  T.,  et  al.,  "Wildlife  monitoring,  modeling  and  fugadty,"  Environ.  Sci. 
and  nchnol.  (1988),  22:120-127. 

38.  LirofT,  R.A.,  Great  Lakes  Great  Legacy?,  Foreword  and  Overview,  The  Conser¬ 
vation  Foundation  and  the  Institute  for  Research  on  Public  Policy,  Washing¬ 
ton,  DC  (1990),  page  21. 

39.  Great  Lakes  Water  Quality  Board,  1 987  Report  on  Water  Quality,  page  69. 

40.  U.S.  Environmental  Protection  Agency,  U.S.  Progress  in  Implementing  the 
Great  Lakes  Water  Quality  Agreement — Annual  Report  to  Congress  1988, 
Great  Lakes  National  Program  Ofllce,  Chicago  (July  1989),  page  viii. 

41.  Personal  communication  with  V.  Adamkus,  Regional  Administrator,  U.S.  EPA 
Region  V,  Chicago,  IL  (Februaiy  1989). 

42.  Yaksich,  S.M.,  and  R.M.  Rumer,  "Phosphorus  management  in  the  Lake  Erie 
basin,"  U.  S.  Army  Corps  of  Engineers,  Buffalo  District  (1980). 

43.  Wall,  G. J.,  E.A.  Pringle,  and  W.T.  Dickenson,  "Assessment  of  agricultviral  non¬ 
point  source  pollution  potential  in  the  Canadian  Great  Lakes  basin,"  page  179 
in  The  Great  Lakes:  Living  with  North  America’s  Inland  Waters,  Hickcox, 
D.H.,  ed.  American  Water  Resources  Association,  Bethesda,  MD  (1988). 

44.  EPA  Region  V  Memorandum  regarding  "1988  Phosphorus  Reduction  Report" 
(September  14, 1989). 

45.  International  Joint  Commission,  Third  Biennial  Report  under  the  Great  Lakes 
Water  Quality  Agreement  of  1978  to  the  Governments  of  the  United  States  and 
Canada  and  the  States  and  Provinces  of  the  Great  Lakes  Basin,  UC,  Windsor, 
Ontario  (1986),  page  36. 

46.  Bennett,  E.B.,  "The  nitrifying  of  Lake  Superior,"  Ambio  (1986),  5:272;  Hartig, 
J.H.,  and  J.E.  Gannon,  "Opposing  phosphorus  and  nitrogen  trends  in  the 
Great  Lakes,"  Alternatives  (1986),  13:19-23. 

47.  Stevens,  R.J.,  and  M.A.  Neilson,  "Response  of  Lake  Ontario  to  reductions  in 
phosphorus  loads,  1967-82,"  Canadian  J.  Fisheries  and  Aquatic  Sciences 
(1987),  44(12). 

48.  Schelske,  C.L.,  "Phosphorus  enrichment,  silica  utilization  and  biochemical 
silica  depletion  in  the  Great  Lakes,"  Canadian  J.  Fisheries  and  Aquatic  Scien¬ 
ces  (February  1986),  43:407. 

49.  Great  Lakes  National  Program  Office,  U.S.  Progress  in  Implementing  the 
Great  Lakes  Water  Quality  Agreement,  Annual  Report  to  Congress  1988,  EPA 
905/9-89/005,  Chicago  (Jidy  1989),  pages  5-9. 

50.  Great  Lakes  Water  Quality  Board,  1 989  Report  on  Water  Quality,  page  26. 

51.  U.S.  Environmental  Protection  Agency  and  Environment  Canada,  Upper 
Great  Lakes  Connecting  Channels  Study,  Vol.  U  (Februaiy  1989),  page  536. 

52.  Great  Lakes  Water  Quality  Board,  1989  Report  on  Water  Quality,  page  57. 

53.  Swain,  W.,  "Chlorinated  organic  residues  in  fish,  water,  and  precipitation  from 
the  vicinity  of  Isle  Royale:  Lake  Superior,"  J.  Great  Lakes  Research  (1978), 
4:398-407. 


381 


1970  ENVIRONMENTAL  QUALITY  1990 


54.  Sullivan,  J.,  and  A.  Bixby,  A  Citizen’s  Guide:  Cleaning  Up  Contaminated  Sedi¬ 
ment,  Lake  Michigan  Federation,  Chicago  (1989). 

55.  Great  Lakes  United,  A  Citizen’s  Agenda  for  Restoring  Lake  Ontario,  Great 
Lakes  United,  Buffalo,  NY  (August,  1988). 

56.  For  example,  in  1974,  the  Canadian  Wildlife  Service  began  measuring  con¬ 
taminants  in  eggs  of  herring  gulls  in  each  of  the  lakes.  For  12  years,  the  pro¬ 
gram  provided  valuable  information  about  the  timing  and  location  of  toxic 
effects.  But  in  1986,  the  program  was  cut  back.  As  a  result,  trend  information 
on  the  variability  of  contaminant  concentrations  from  region  to  region  was  in¬ 
terrupted. 

57.  Great  Lakes  Water  Quality  Board,  1989  Report  on  Vfater  Quality,  page  90. 

58.  Great  Lakes  Water  Quality  Board,  1989  Report  on  Water  Quality,  page  97. 

59.  Great  Lakes  National  Program  Office,  U.S.  Progress  in  Implementing  Water 
Quality,  Chapter  3. 

60.  Zarull,  M.A.,  and  C.  J.  Edwards,  A  Review  of  Lake  Superior  Water  Quality  with 
Emphasis  on  the  1983  Intensive  Survey,  Report  to  the  Surveillance  Work 
Group,  Great  Lakes  Water  Quality  Board,  International  Joint  Commission, 
Winder,  Ontario  (1987). 

61 .  1987  Report  on  Great  Lakes  Water  Quality,  pages  78-79. 

62.  Makarewicz,  J.C.,  Phytoplankton  and  Zooplankton  in  Lake  Erie,  Huron  and 
Michigan:  1983,  EPA  Great  Lakes  Program  Office  EPA-905/2-87-002,  GLNPO 
Report  No.  06  (April  1987),  pages  94-100. 

63.  Great  Lakes  Water  Quality  Board,  1987  Report  on  Water  Quality,  page  80. 

64.  Great  Lakes  Water  Quality  Board,  1987  Report  on  Water  Quality,  pages  80-84. 

65.  Pennsylvania  and  Ohio  were  the  only  Great  Lakes  states  without  a  phosphate 
detergent  ban.  The  Ohio  phosphate  law  was  not  passed  until  1988.  Governor 
Robert  CasQr  of  Pennsylvania  signed  a  phosphate  detergent  bill  in  1989.  The 
Province  of  Ontario  has  a  phosphate  bill  that  is  more  permissive  than  U.S. 
counterparts. 

66.  Nicholls,  K.H.,  and  D.H.  Hiu’Iqt,  "Recent  changes  in  the  phytoplankton  of  the 
Bay  of  Quinte,  Lake  Ontario:  the  relative  importance  of  fish,  nutrients,  and 
other  factors,"  Can.  J.  Fish  Aquat.  Sci.  (1989),  46:770. 

67.  Great  Lakes  National  Program  Office,  Five  Year  Strategy,  page  111. 


382 


Selected  NEPA 
Cases — 1989 


The  Supreme 
Court 

The  Supreme  Court  addressed  three  major  NEPA  issues  in 
two  1989  cases,  Robertson  v.  Methow  Valley  Citizen  Council^ 
and  Marsh  v.  Oregon  Natural  Resources  Council^.  The  first  issue 
was  whether  NEPA  requires  an  agency  to  prepare  worst  case 
analyses  in  EISs.  The  second  was  whether  there  is  a  substantive 
requirement  under  NEPA  that  agencies  prepare  and  adopt 
mitigation  plans.  The  third  issue  went  to  what  standard  of  judi¬ 
cial  review  courts  should  apply  to  determine  whether  to  review 
an  agency  action. 
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Worst  Case  Analysis 

In  Methow  Valley,  plaintiffs  had  challenged  the  adequacy  of  a 
Forest  Service  Environmental  Impact  Statement  (EIS)  drafted 
for  a  mcgor  downhill  ski  resort.  Plaintiffs  contended  that  the  EIS 
should  have  included  a  "worst  case"  analysis  on  possible  impacts 
of  air  pollution  from  the  ski  resort.  The  Court  disagreed,  overrul¬ 
ing  an  appellate  court  decision  that  such  analyses  were  required. 
The  Court  found  that  CEQ’s  1988  amendment  of  40  CFR 
1502.22;  (1)  specifically  revoked  the  need  for  a  specific  worst  case 
analysis  and  (2)  replaced  it  with  a  requirement  that  agencies 
faced  with  scientific  uncertainty  or  unavailable  information  con¬ 
centrate  on  the  reasonably  foreseeable  environmental  conse¬ 
quences,  including  low  probability,  catastrophic  impacts.®  The 
Court  pointed  out  that  even  if  a  doctrine  under  NEPA  had  been 
developed  by  the  courts,  if  CEQ’s  regulatory  revisions  were  based 
on  good  reason,  "the  new  regulation  is  entitled  to  substantial 
deference."* 


Mitigation 

Plaintiffs  had  also  contended  in  Methow  Valley  that  the  Forest 
Service  was  required  to  formulate  and  adopt  a  mitigation  plan 
for  reducing  off-site  air  pollution  effects  on  mule  deer  popula¬ 
tions.  The  Court,  though,  reiterated  its  long  standing  view  of  the 
requirements  set  out  in  Section  102(2)(A)  as  procedural,  rather 
than  as  substantive.®  The  Court  made  it  absolutely  clear  that  a 
federal  agenqr  must  take  a  hard  look  at  the  environmental  con¬ 
sequences  of  their  actions,  which  includes  a  discussion  of  mitiga¬ 
tion  measures.  "To  be  sure,  one  important  ingredient  of  an  EIS  is 
the  discussion  of  steps  that  can  be  taken  to  mitigate  adverse  en¬ 
vironmental  consequences."®  This  is,  however,  is  fundamentally 
different,  stated  the  Court,  from  "a  substantive  requirement  that 
a  complete  mitigation  plan  be  actually  formulated  and  adopted."^ 
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Standard  of  Review 


In  the  Marsh  case,  plaintiffs  had  contended  that  the  Corps  of  En¬ 
gineers  was  required  to  supplement  an  EIS  on  a  proposed  dam  in 
Oregon’s  Rogue  River  Basin.  The  Court  in  Marsh  affirmed  that 
the  standard  for  determining  whether  a  supplemental  EIS  is  re¬ 
quired  is  that  standard  set  out  in  CEQ’s  regulations:  whether 
there  are  significant  new  circumstances  or  information  relevant 
to  the  environmental  impact  of  the  proposed  action,®  As  in 
Methow  Valley,  the  Court  stated  that  CEQ’s  regulations  are  en¬ 
titled  to  "substantial  deference."®  The  Court  further  held  that 
agencies  should  utilize  a  "rule  of  reason"  analysis  when  inter¬ 
preting  CEQ’s  regulations  concerning  when  an  EIS  is  necessary. 

The  standard  of  review  that  applies  to  the  courts  when 
reviewing  an  agency  decision  to  not  supplement  an  EIS  is  a 
separate  issue,  also  decided  in  Marsh.  In  this  case  the  Court 
declared  that  the  standard  of  review  is  controlled  by  the  "ar¬ 
bitrary  and  capricious"  standard  of  the  Administrative  Procedure 
Act  (APA),  as  opposed  to  the  "reasonableness"  standard.^®  The 
Court  held  that  the  decision  whether  to  supplement  an  EIS  was  a 
question  of  fact  which  requires  agency  expertise  and  that  there¬ 
fore,  the  more  narrow  APA  standard  should  apply.  The  Court, 
however,  made  it  clear  that  courts  should  not  be  unduly  deferen¬ 
tial  to  agencies;  "[I]n  the  context  of  reviewing  a  decision  not  to 
supplement  an  EIS,  courts  should  not  automatically  defer  to  the 
agency’s  express  reliance  on  an  interest  in  finality  without  care¬ 
fully  reviewing  the  record  and  satisfying  themselves  that  the 
agency  has  made  a  reasoned  decision  based  on  its  evaluation  of 
the  significance — or  lack  of  significance— of  the  new  informa- 
tion."“ 

The  question  that  arises  upon  review  of  Marsh  is  whether 
the  Court  has  indeed  established  a  standard  for  judicial  review 
for  all  NEPA  cases,  for  decisions  not  to  prepare  EISs  or  only  for 
decisions  not  to  prepare  supplemental  EISs.  The  Court  indicated 
that  its  decision  was  limited  to  supplemental  EISs  when  it  stated 
that  its  holding  was  controlling  on  the  "narrow  question  before  us 
of  whether  the  Corps’  determination  that  the  FEIS  need  not  be 
supplemented..."^®  The  Court,  however,  did  discuss  several  cases 
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in  which  the  standard  of  review  for  the  initial  decision  to  not 
prepare  an  EIS  was  discussed.  The  Court  further  hedges  the 
issue  by  stating  in  a  footnote  that  differences  in  the  two  stand¬ 
ards  are  difficult  to  discern  and  that,  "our  decision  today  will  not 
require  a  substantial  reworking  of  long-established  NEPA  law."^® 


U.S.  Court  of 
Appeals 

Two  appellate  court  decisions  addressed  issues  posed  by 
plaintiffs’  attempts  to  obtain  preliminary  injunctions  against  ac¬ 
tions  by  the  U.S.  Army  Corps  of  Engineers  (Corps). 

In  South  Carolina  Department  of  Wildlife  and  Marine 
Resources  v.  Marsh, the  district  court  had  issued  a  preliminary 
ii^imction  prohibiting  the  Corps  from  proceeding  with  the  instal¬ 
lation  of  pumped  storage  facilities  at  a  South  Carolina  Dam.  The 
court  upheld  the  lower  court’s  injunction  as  to  operating  the 
pumped  storage  generators,  ruling  that  the  court  had  adequately 
balanced  the  environmental  injury  against  any  possible 
hardships  to  the  defendant. 

The  court,  though,  ruled  that  the  injunction  was  too  broad 
and  should  not  have  covered  installation  of  the  generators  be¬ 
cause  installation  would  not  in  itself  harm  the  environment.  The 
court  rejected  plaintiff’s  argument  that  installation  of  the  gener¬ 
ators  would  commit  so  much  money  to  the  project  that  economic 
considerations  would  prevent  the  Corps  from  making  an  objective 
decision.  The  decision  does  not  mention  NEPA’s  requirement  to 
assess  the  commitment  of  irretrievable  resources  nor  CEQ’s 
regulation  at  40  C.F.R.  1506.1(c)(3)  which  states  that  agencies 
shall  not  undertake  any  action  which  may  significantly  affect  the 
environment  unless  that  action  "will  not  prejudice  the  ultimate 
decision  on  the  program.  Interim  action  prejudices  the  ultimate 
decision  on  the  program  when  it  tends  to  determine  subsequent 
development  or  limit  alternatives." 
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In  Town  of  Huntington  v.  Marsh  plaintiffs — various  small 
municipalities — had  requested  the  granting  of  an  injunction  to 
prevent  dumping  of  dredged  material  in  the  Long  Island  Sound 
pending  issuance  of  an  EIS  by  the  Corps.  The  District  Court  had 
granted  plaintiffs  an  injunction  after  an  oral  hearing  in  which 
various  affidavits  were  presented.  The  appellate  court,  however, 
noted  that  oral  hearings  were  not  adequate  and  remanded  the 
case  to  the  district  court  for  "evidentiary  hearings."  The  court 
stated  that  consideration  should  be  given  "to  the  question 
whether  plaintiff  had  met  its  burden  to  establish  some  actual  or 
threatened  injury  to  ‘the  physical,  chemical  and  biological 
balance’  of  the  dump  site."^® 


U.S.  District 
Court 

In  Sierra  Club  v.  Marsh}^  the  court  issued  a  lengthy  opinion  in 
which  case  law  and  CEQ  regulations  and  guidance  were  ex¬ 
amined  in  connection  with  (1)  the  use  of  contractors,  and  (2)  the 
supplementing  of  EISs.  In  Sierra  Club,  plaintiffs  had  requested 
declaratory  and  injunctive  relief  halting  construction  of  a  marine 
dry  cargo  terminal  due  to  the  fact  that  certain  consultants  who 
had  written  portions  of  the  EIS  were  not  listed  in  the  EIS.  The 
court,  citing  CEQ’s  regulations  and  "Forty  Questions"  guidance, 
found  that  where  a  consultant  had  actually  prepared  sections  of 
an  EIS,  the  agency  must  list  those  preparers  in  the  EIS  and 
must  obtain  conflict  of  interest  disclosure  statements  from  the 
consultant,^®  even  where  a  state  agency  oversaw  the  preparation 
of  that  EIS.  The  court  also  found  that  while  an  agency  should 
disclose  a  consultant’s  prior  involvement  in  a  project,  this  did  not 
automatically  disqualify  them  from  working  on  an  EIS. 

The  court  made  an  extensive  analysis  of  the  case  law,  includ¬ 
ing  the  Supreme  Court’s  decision  in  Marsh, in  deciding  to  what 
extent  an  agency  must  examine  and  document  the  need  to  sup¬ 
plement  an  EIS.  Plaintiffs  had  asserted  that  the  environmental 
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effect  of  a  newly  proposed,  larger  port  complex  was  new  informa¬ 
tion  that  should  have  been  assessed  in  a  supplemental  EIS.  The 
court  agreed,  stating  that  the  administrative  record  of  the  agen¬ 
cy,  "does  not  provide  the  kind  of  detailed  explanation  con¬ 
templated  by  NEPA;  it  neither  evinces  careful  consideration  of 
the  decision  not  to  prepare  a  supplemental  EIS,  nor  the  rationale 
for  the  decision,  much  less  that  the  agency  evaluated  specific 
potential  impacts."^® 

In  Atlantic  Terminal  Urban  Renewal  Area  Coalition  v.  New 
York  City  Department  of  Environmental  Protections^  the  court 
addressed  issues  concerning  statutory  delegation  of  NEPA 
responsibilities  and  the  necessity  for  NEPA  litigants  to  par¬ 
ticipate  in  administrative  proceedings.  Plaintiffs  in  Atlantic  had 
contended  that  even  though  HUD  had  properly  delegated 
authority  for  preparation  of  EISs  to  a  local  government,*^  that 
HUD  was  still  responsible  for  the  substantive  adequacy  of  the 
EIS,  The  court  disagreed,  stating  that  the  Housing  and  Com¬ 
munity  Development  Amendments  of  1981  intended  that  where 
HUD  had  delegated  the  responsibility  for  the  EIS  to  the  local 
agency  it  is  that  agency  that  is  legally  responsible  for  the  ade¬ 
quacy  of  the  EIS  and  not  HUD. 

The  local  government  defendants  in  Atlantic  then  argued 
that  because  the  plaintiffs  had  failed  to  raise  NEPA  objections 
during  the  EIS  public  hearing  and  commenting  process,  the 
plaintiffs  were  precluded  from  bringing  suit.  The  court  disagreed 
and  held  that  neither  the  judicial  doctrines  of  latches  nor 
preclusion,  could  be  utilized  to  bar  plaintiffs  action.  The  court 
cited  several  cases  for  the  proposition  that  laches  and  failure  to 
exhaust  administrative  remedies  are  not  favored  in  NEPA  cases 
"given  the  public  interest  in  a  sound  environmental  analysis  and 
the  long-term  consequences  of  any  poorly  considered  action."** 
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Notes  and 
References 


1.  109  S.  a.  1835(1989). 

2.  109  S.  a.  1851  (1989). 

3.  109  S.  a.  1835, 1848  (1989). 

4.  109  S.  a.  1849  (1989). 

5.  109  S.  a.  1846  (1989). 

6.  109  S.  a.  1846  (1989). 

7.  109  S.  a.  1847  (1989). 

8.  109  S.  Ct.  1851. 1858  (1989)  citing  40  C.F.R.  1502.9(c). 

9.  109  S.  a.  1851. 1858  (1989). 

10.  5  U.S.C.  i  706(2)(a)  (1977).  Many  courts  have  been  using  the  broader  standard 
of  "reasonableness"  to  decide  whether  to  review  an  agency  action.  For  a  look  at 
the  case  law  concerning  the  two  different  standai^  see  Hoskins.  Judicial 
Review  of  an  Agency’s  Decision  Not  to  Prepare  an  Environmental  Impact  State¬ 
ment,  18  ELR 10331  (1988). 

11.  109  S.  Ct.  1851. 1861  (1989). 

12.  109  S.  a.  1860  (1089). 

13.  109  S.  a.  1861.  n.23  (1989). 

14.  866  F.2d  97  (4th  Cir.  1989). 

15.  884  F.2d  648  (2d  Cir.  1989). 

16.  888  F.2d  654  (2d  Cir.  1989). 

17.  314  F.  Supp.  539  (D.  Maine  1989). 

18.  40  C.F.R.  1506.5(c);  CEQ  Forty  Questions,  46  Fed.  Reg.18031. 

19.  314  F  Supp.  539. 566  (D.  Maine  1989). 

20.  314  F.  Supp.  570  (D.  Maine  1989). 

21.  705  F.  Supp.  988  (D.  N.Y.  1989). 

22.  42  U.S.C.  §  5304(0(1)  (1981). 

23.  705  F.  Supp.  988. 998  (D.  N.Y.  1989). 
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Appendix  B 


Trends  in  NEPA 
Litigation 


During  1988  NEPA  cases  filed  against  federal  agencies  num¬ 
bered  91.  As  shown  in  Table  B-1,  7  of  the  91  cases  resulted 
in  ii\junctions.  While  an  increase  over  1987,  the  7  ii\junctions 
filed  were  considerably  lower  than  those  of  any  other  year.  In 
Table  B-2  the  U.S.  Army  Corps  of  Engineers  is  listed  as  the  most 
frequent  defendant;  22  cases  were  filed  against  the  agency  in 
1988.  The  Departments  of  Agriculture  and  Interior  each  had  15 
lawsuits.  The  Department  of  Transportation  had  10. 

Table  B-3  displays  the  types  of  complaints  filed,  the  most 
common  being  no  environmental  impact  statement  when  one 
should  have  been  prepared.  The  second  most  common  complaint 
was  the  adequacy  of  the  environmental  impact  statement.  In¬ 
dividual  or  citizen  groups  were  the  most  frequent  plaintiffs  with 
35  as  indicated  in  Table  B-4.  Environmental  groups  were  the 
second  most  frequent  plaintiffs  with  31.  Table  B-5  shows  the 
number  of  plaintiffs  and  issues  by  agency. 

See  Table  B-6a  and  Table  B-6b  for  draft,  final,  and  sup¬ 
plemental  environmental  impact  statements  filed  by  federal 
agencies  during  1988  and  1989,  respectively.  In  1988  environ¬ 
mental  impact  statements  filed  numbered  430,  and  370  were 
filed  in  1989. 
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Table  B-2. — NEPA  cases  by  agency.  1988. 


NUMBER  OF 

NUMBER  OF 

1988  CASES 

NUMBER  OF 

INJUNCTIONS 

CASES 

RESULTING  IN 

IN  1988  FROM 

AGENCIES 

FILED 

INJUNCTIONS 

PRE-1988  CASES 

Federal  Commerce  Commission 

2 

0 

0 

Federal  Energy  Regulatory 
Commission 

1 

0 

0 

Environmental  Protection  Agency 

2 

0 

0 

Interstate  Commerce 

Commission 

4 

0 

0 

U  S.  Postal  Service 

2 

0 

0 

Department  of  Agriculture 

15 

1 

2 

Department  of  the  Army 

1 

0 

0 

Department  of  the  Army:  U.S. 

Army  Corps  of  Engineers 

22 

3 

0 

Department  of  Commerce 

2 

0 

0 

Department  of  Energy 

2 

0 

0 

Department  of  Housing  &  Urban 
Development 

6 

0 

0 

Department  of  the  Interior 

15 

2 

0 

Department  of  T ransportation 

10 

0 

0 

Department  of  Treasury 

1 

0 

0 

Department  of  the  Navy 

4 

1 

0 

Department  of  the  Air  Force 

2 

0 

0 

TOTAL 

91 

7 

2 

Table  B-3. — Types  of  complaints  filed  under  NEPA,  1988. 

NUMBER  OF  PRE-1988 
CASES  RESULTING 


CAUSES  OF  ACTION 

NUMBER  OF 

1988  CASES 

IN  INJUNCTIONS 
IN  1988 

Inadequate  Environmental  Impact  Statement 
No  Environmental  Impact  Statement,  when 

30 

1 

one  should  have  been  prepared 

32 

0 

Inadequate  Environmental  Assessment 

No  Environmental  Assessment,  when  one 

16 

1 

should  have  been  prepared 

No  Supplemental  Environmental  Impact 
Statement,  when  one  should  have  been 

8 

0 

prepared 

3 

0 

Other 

11 

0 

TOTAL 

100 

2 

Table  B-4. — Plaintiffs  for  NEPA  lawsuits,  1988. 


TYPES  OF  PLAINTIFFS 

NUMBER  FOR 

1988  CASES 

NUMBER  FOR  PRE-1988 

CASES  RESULTING 

IN  INJUNCTIONS 

IN  1988 

Environmental  Groups 

31 

2 

Individuals  or  Citizen  Groups 

35 

0 

State  Governments 

10 

0 

Local  Governments 

5 

1 

Business  Groups 

8 

0 

Property  Owners  or  Residents 

4 

0 

Indian  Tribes 

2 

0 

TOTAL 

95 

3 

393 


Table  B-5. — Statistics  on  plaintiffs  and  issues  for  cases,  by  agency,  1988. _ 

AGENCY _ FCC  FERC  EPA  ICC  USPC  USDA  ARMY  COE  DOC  DOE  HUD  DPI  DOT  TRES  NAVY  USAF 

PLAINTIFF 


APPENDIX  B:  TRENDS  IN  NEPA  LITIGATION 


Table  B-6a.— Environmental  impact  statements  filed  by  federal  agencies, 

1988. _ 

TOTALS  BY 

AGENCY _ SUBJECT  MATTER  TOTALS 

U.S.  Department  of  Agriculture  68 

Land  Acquisition  or  Disposal  Management. 

Jurisdiction  Transfer  1 

Watershed  Protection  and  Floodplain  Control  1 1 

Parks,  Recreation  Areas.  Wilderness  Areas.  National 
Seashores  8 

Forestry  and  Range  Management  32 

Pesticides,  Herbicides  Use  4 

Irrigation,  Desalination  of  Return  Flows.  Agriculture 
Water  Supply  2 

Multi-purpose  Impoundment  1 

Mining  (non-energy)  3 

Comprehensive  Resource  Management  1 

Natural  Gas  and  Oil.  Drilling  and  Exploration  2 

Municipal  and  Industrial  Water  Supply  Systems 
(except  multi-purpose  impoundments)  1 

Power  Facilities.  Hydroelectric  1 

Wildlife  Refuges,  Fish  Hatcheries  1 

U.S.  Department  of  Commerce  3 

Wildlife  Refuges.  Fish  Hatcheries  1 

Wetlands.  Estuary  and  Ocean  Use  (Sanctuary, 

Disposal,  etc.)  1 

Fisheries  1 

U.S.  Department  of  Defense  (Other  Than  Below)  0 

Department  of  the  Air  Force  6 

Defense  Systems  1 

Military  Installations  (Conventional,  Chemical, 

Nuclear,  etc.)  3 

Munition  Disposal  1 

Aircraft,  Ships  and  Vehicles  1 

Department  of  the  Army  8 

Defense  Systems  2 

Military  Installations  (Conventional,  Chemical. 

Nuclear,  etc.)  4 

Housing  Subdivisions  or  New  Communities  2 

Department  of  the  Army,  Corps  of  Engineers  69 

Solid  Waste  1 

Natural  Gas  and  Oil:  Drilling  and  Exploration  1 

Munition  Disposal  1 

Munition  and  Industrial  Water  Supply  Systems 
(except  multi-purpose  impoundments)  2 

Beach  Erosion,  Hurricane  Protection,  River  Lake 
Bank  Stabilization  3 

Navigation  16 

Multi-purpose  Impoundments  2 

Watershed  Protection  and  Flood  Control  30 

Dredge  and  Fill  6 

Other  Water  Projects  1 

Buildings  for  Federal  Use  2 

Parks,  Recreation  Areas,  Wilderness  Areas, 

National  Seashores  1 

Wetlands,  Estuary  and  Ocean  Use  (Sanctuary, 

Disposal,  Etc.)  2 

Land  Acquisition  or  Disposal  Management. 

Jurisdiction  Transfer  1 
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Table  B-6a. — Environmental  impact  statements  filed  by  federal  agencies, 
1988  (cont.). _ 


AGENCY 

TOTALS  BY 
SUBJECT  MATTER 

TOTALS 

Department  of  the  Navy 

Military  Installations  (Conventional,  Chemical, 

6 

Nuclear,  etc.) 

1 

Power  Facilities;  Conservation 

1 

Housing  Subdivisions  and  New  Communities 

1 

Defense  Systems 

2 

Research  and  Development 

1 

U.S.  Department  of  Energy 

Power  Facilities: 

9 

Transmission 

2 

Nuclear 

1 

Conservation 

2 

Research  and  Development 

2 

Defense  Systems 

2 

U.S.  Environmental  Protection  Agency 

Wetlands,  Estuary  and  Ocean  Use  (Sanctuary, 

23 

Disposal,  etc.) 

12 

Mining  (non-energy) 

1 

Mining 

1 

Regulatory  Activities 

2 

Sewage  Treatment  and  Sewage  Facilities 

6 

Miscellaneous  Information 

1 

U.S.  General  Services  Administration 

3 

Federal  Building  Construction 

3 

U.S.  Department  of  Housing  and  Urban  Development 

2 

Housing  Subdivision  and  New  Communities 

1 

Urban  Programs 

1 

U.S.  Department  of  the  Interior 

117 

Regulatory  Activities 

1 

Mining 

7 

Natural  Gas  and  Oil;  Drilling  and  Exploration 

5 

Transportation,  Pipeline,  Storage 

1 

Power  Facilities:  Transmission 

1 

Municipal  and  Industrial  Water  Supply 

Irrigation,  Desalination  of  Return  Flows,  Agricultural 

6 

Water  Supply 

2 

Multi-purpose  Impoundments 

1 

Other  Water  Projects 

2 

Land  Acquisition  Disposal 

Parks,  Recreation  Areas,  Wilderness  Areas,  National 

2 

Seashores 

39 

Wildlife  Refuges,  Fish  Hatcheries 

14 

Forestry  and  Range  Management 

17 

Mining  (non-energy) 

7 

Comprehensive  Resource  Management 

Wetlands.  Estuary  and  Ocean  Use  (Sanctuary, 

8 

Disposal,  etc.) 

2 

Hazardous  and  Toxic  Substance  Disposal 

2 

U.S.  Interstate  Commerce  Commission 

0 

U.S.  Nuciear  Reguiatory  Commission 

2 

Power  Facility:  Nuclear 

1 

Nuclear  Development 

1 
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Table  B-6a.— Environmental  impact  statements  filed  by  federal  agencies, 

1988  (cont). 

TOTALS  BY 

AGENCY 

SUBJECT  MATTER 

TOTALS 

U.S.  Tennessee  Valley  Authority 

0 

U.S.  Department  of  Transportation 

96 

Road  Construction 

83 

Bridge  Permits 

4 

Airport  improvements 

5 

Mass  Transportation 

4 

U.S.  Federai  Energy  Regulatory  Commission 

9 

Natural  Gas  and  Oil:  Transportation.  Pipeline,  Storage 

4 

Power  Facilities:  Hydroelectric 

3 

Miscellaneous  Information 

2 

U.S.  Department  of  Justice 

6 

Prison  Construction 

6 

U.S.  Nationai  Aeronautics  and  Space  Administration 

3 

Space  Programs 

3 

TOTAL  FEDERAL  EiSs 

430 

Table  B-6b. — Environmental  impact  statements  filed  by  federal  agencies, 
1989. 

AGENCY 

TOTALS  BY 
SUBJECT  MATTER 

TOTALS 

U.S.  Department  of  Agriculture 

89 

Road  Construction 

1 

Land  Acquisition  or  Disposal,  Management 

Jurisdiction  Transfer 

1 

Watershed  Protection  and  Floodplain  Control 

6 

Parks,  Recreation  Areas,  Wilderness  Areas,  National 
Seashores 

19 

Forestry  and  Range  Management 

43 

Pesticides,  Herbicides  Use 

8 

Irrigation,  Desalination  of  Return  Flows,  Agriculture 
Water  Supply 

3 

Multi-Purpose  Impoundments 

1 

Mining  (non-energy) 

4 

Natural  Gas  and  Oil:  Transportation,  Pipeline  Storage 

2 

Special  Development  (Expos,  Bicentennials, 

Olympics,  etc.) 

1 

U.S.  Department  of  Commerce 

5 

Wetlands,  Estuary  and  Ocean  Use  (Sanctuary, 

Disposal,  etc.) 

4 

Fisheries 

1 

U.S.  Department  of  Defense  (Other  Than  Below) 

0 

Department  of  the  Air  Force 

11 

Defense  Systems 

1 

Military  Installations  (Conventional,  Chemical, 
Nuclear,  etc.) 

8 

Space  Programs 

1 

Sewage  Treatment  and  Sewage  Facilities 

1 
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1989  (cont.). _ _ 


AGENCY 

TOTALS  BY 
SUBJECT  MATTER 

TOTALS 

Department  of  the  Army 

9 

Defense  Systems 

3 

Military  Installations  (Conventional,  Chemical, 

Nuclear,  etc.) 

5 

Munition  Disposal 

1 

Department  of  the  Army,  Corps  of  Engineers 

40 

Solid  Waste 

1 

Municipal  and  Industrial  Water  Supply  Systems 

(except  multi-purpose  impoundments) 

2 

Beach  Erosion,  Hurricane  Protection,  River/Lake 

Bank  stabilization 

3 

Navigation 

9 

Multi-purpose  Impoundments 

1 

Watershed  Protection  and  Flood  Control 

15 

Dredge  and  Fill 

2 

Other  Water  Projects 

2 

Pesticides.  Herbicides  Use 

1 

Parks,  Recreation  Areas,  Wilderness  Areas, 

National  Seashores 

1 

Wetlands.  Estuary  and  Ocean  Use  (Sanctuary, 

Disposal,  etc.) 

2 

Bridge  Permits 

1 

Department  of  the  Navy 

3 

Military  Installations  (Conventional,  Chemical, 

Nuclear,  etc.) 

2 

Defense  Systems 

1 

Department  of  the  Navy,  Marine  Corps 

1 

Military  Installations  (Conventional,  Chemical, 

Nuclear,  etc.) 

1 

U.S.  Department  of  Energy 

6 

Power  Facilities: 

Transmission 

2 

Fossil 

2 

Nuclear  Development  (e.g..  Fuel,  Reactors) 

1 

Radioactive  Waste  Disposal 

1 

U.S.  Environmental  Projection  Agency 

25 

Wetlands,  Estuary  and  Ocean  Use  (Sanctuary, 

Disposal,  etc.) 

14 

Mining  (non-energy) 

1 

Mining 

1 

Regulatory  Activities 

2 

Sewage  Treatment  and  Sewage  Facilities 

6 

Miscellaneous  Information 

1 

U.S.  General  Services  Administration 

0 

U.S.  Department  of  Housing  and  Urban  Development 

7 

Housing  Subdivisions  and  New  Communities 

5 

Urban  Programs 

2 

U.S.  Department  of  the  Interior 

61 

Mining 

7 

Natural  Gas  and  Oil:  Drilling  and  Exploration 

4 

Power  Facilities:  Hydroelectric 

2 
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Table  B-6b. — Environmental  impact  statements  filed  by  federal  agencies, 
1989  (cont.). _ 


AGENCY 

TOTALS  BY 
SUBJECT  MATTER 

TOTALS 

Municipal  and  Industrial  Water  Supply 

Irrigation,  Desalination  of  Return  Flows.  Agricultural 

2 

Water  Supply 

1 

Multi-purpose  Impoundments 

3 

Other  Water  Projects 

2 

Land  Acquisition  or  Disposal 

Parks,  Recreation  Areas.  Wilderness  Areas,  National 

3 

Seashores 

14 

Forestry  and  Range  Management 

10 

Mining  (non-energy) 

7 

Comprehensive  Resource  Management 

3 

Hazardous  and  Toxic  Substance  Disposal 

1 

Miscellaneous  Information 

1 

Road  Construction 

1 

U.S.  Interstate  Commerce  Commission 

0 

U.S.  Nuclear  Regulatory  Commission 

3 

Power  Facility;  Nuclear 

1 

Radioactive  Waste  Disposal 

1 

Power  Facility;  Conservation  and  Other 

1 

U.S.  Tennessee  Valley  Authority 

0 

U.S.  Department  of  Transportation 

90 

Road  Construction 

81 

Bridge  Permits 

1 

Airport  Improvements 

5 

Mass  Transportation 

3 

U.S.  Federal  Energy  Regulatory  Commission 

4 

Natural  Gas  and  Oil;  Transportation,  Pipeline  Storage 

2 

Power  Facilities;  Hydroelectric 

2 

U.S.  Department  of  Justice 

13 

Prison  Construction 

13 

U.S.  National  Aeronautics  and  Space  Administration 

2 

Space  Programs 

2 

U.S.  Postal  Service 

1 

Building  for  Federal  Use 

1 

TOTAL  FEDERAL  EISs 

370 

Appendix  C 


List  of 
International 
Treaties  and  Other 
Agreements  in  the 
Field  of  the 
Environment 


Convention  Concerning  the  Use  of  White  Lead  in  Painting,  Geneva,  1921 
lb  protect  workers  from  exposure  to  white  lead  and  sulphate  of  lead  and  of 
all  products  containing  these  pigments. 

Convention  Relative  to  the  Preservation  of  Fauna  and  Flora  in  Their 
Natural  State,  London,  1933 

lb  preserve  the  natural  fauna  and  flora  of  certain  parts  of  the  world,  par* 
ticularly  of  Africa,  by  means  of  national  parks  and  reserves,  and  by  regula¬ 
tion  of  hunting  and  collection  of  species. 


From  Register  of  International  Treaties  and  Agreements  in  the  Field  of  the 
Environment,  Nairobi  (May  1989),  UNEPIGC.15IInf2 
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Convention  on  Nature  Protection  and  Wildlife  Preaervation  in  the 
Weetem  Hemiaphere,  Waahington,  1940 

lb  preserve  all  species  and  genera  of  native  American  fauna  and  flora  from 
extinction,  and  to  preserve  areas  of  extraordinary  beauty,  striking  geological 
formations  or  aesthetic,  historic,  or  scientific  value. 

International  Convention  for  the  Regulation  of  Whaling  (as  amended), 
Washington,  1946 

lb  protect  all  species  of  whales  from  overfishing  and  safeguard  for  future 
generations  the  great  natural  resources  represented  by  whale  stocks,  lb  es¬ 
tablish  a  system  of  international  regulation  for  the  whale  fisheries  to  ensure 
proper  conservation  and  development  of  whale  stocks. 

Convention  for  the  Establishment  of  an  Inter-American  TVopical  IVma 
Commission,  Washington,  1949 

lb  maintain  populations  of  yellow  fin  and  skipjack  tuna  in  the  eastern 
Pacific  Ocean  to  permit  maximum  sustained  catches  year  after  year. 

Agreement  for  the  Establishment  of  a  General  Fisheries  Council  for  the 
Mediterranean  (as  amended),  Rome,  1949 

The  development  and  proper  utilization  of  the  resources  of  the  Mediter¬ 
ranean  and  contiguous  waters  through  international  cooperation. 

International  Convention  for  the  Protection  of  Birds,  Paris,  1950 

lb  protect  birds  in  the  wild  state,  considering  that  in  the  interests  of  science, 
the  protection  of  nature  and  the  economy  of  each  nation,  all  birds  should  as  a 
matter  of  principle  be  protected. 

Convention  for  the  Establishment  of  the  European  and  Mediterranean 
Plant  Protection  Organization  (as  amended),  Paris,  1961 
lb  prevent  the  introduction  and  spread  of  pests  and  diseases  of  plants  and 
plant  products. 

International  Plant  Protection  Convention,  Rome,  1961 

lb  maintain  and  increase  international  cooperation  in  controlling  pests  and 
diseases  of  plants  and  plant  products,  and  in  preventing  their  introduction 
and  spread  across  national  boundaries. 

Agreement  Concerning  Measures  for  Protection  of  the  Stocks  of 
Deep-sea  Prawns  (.Panelalus  borealis),  European  Lobsters 
iHonutrus  vulgaris),  Norway  Lobsters  {Nephrops  norvegicus),  and 
Crabs  {Cancer  pagurus)  (as  amended),  Oslo,  1962 
lb  protect  the  stocks  of  the  four  species  of  Crustacea. 

International  Convention  for  the  High  Seas  Fisheries  of  the  North 
Pacific  Ocean  (as  amended),  Tokyo,  1962 

lb  ensure  maximum  sustained  productivity  of  the  fisheiy  resoiurces  of  the 
north  Pacific  Ocean,  and  to  coor^ate  research  and  conservation  measures 
to  this  end. 

International  Convention  for  the  Prevention  of  Pollution  of  the  Sea  by 
Oil,  London,  1964  (as  amended  on  11  April  1962  and  21  October  1969) 
lb  take  action  to  prevent  pollution  of  the  sea  by  oil  discharged  from  ships. 
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Amendments  to  the  International  Convention  for  the  Prevention  of 
Pollution  of  the  Sea  hy  Oil,  1964,  Concerning  Tank  Arrangements 
and  Limitation  of  Taidc  Size,  London,  1971 

Tb  regulate  tank  arrangements  and  limit  tank  size  in  oil  tankers  in  order  to 
avoid  the  possibility  of  serious  environmental  pollution  resulting  from  a 
single  accident  involving  a  tanker. 

Plant  Protection  Agreement  for  the  South  East  Asia  and  Pacific  Region 
(as  amended),  Rome,  1956 

Tb  prevent  the  introduction  into  and  spread  within  the  region  of  destructive 
plant  diseases  and  pests. 

Interim  Convention  on  Conservation  of  North  PaciHc  Fur  Seals  (as 
amended)  Washington,  1957 

Tb  achieve  maximum  sustainable  productivity  from  the  fur  seal  resources  of 
the  North  Pacific,  and  to  conduct  adequate  scientific  research  to  this  end. 

Convention  Concerning  Fishing  in  the  Waters  of  the  Danube,  Bucharest, 

1958 

The  rational  utilization  cmd  expansion  of  the  fish  stocks  in  the  Danube, 
through  cooperation  on  a  scientific  basis. 

Convention  on  the  Continental  Shelf,  Geneva,  1968 

Tb  define  and  delimit  the  rights  of  States  to  explore  and  exploit  the  natural 
resources  of  the  continental  shelf. 

Convention  on  Fishing  and  Conservation  of  the  Living  Resources  of  the 
Hi|^  Sea,  Geneva,  1958 

Through  international  cooperation,  to  solve  the  problems  involved  in  the  con¬ 
servation  of  the  living  resources  of  the  high  seas,  considering  that  through 
the  development  of  modem  techniques  some  of  these  resources  are  in  danger 
of  being  overexploited. 

Convention  on  the  Hi^  Seas,  Geneva,  1958 

Tb  codify  the  rules  of  international  law  relating  to  the  high  seas. 

Northeast  Atlantic  Fisheries  Convention,  London,  1959 

Tb  ensure  the  conservation  and  rational  exploitation  of  the  fish  stocks  of  the 
northeast  Atlantic  Ocean  and  adjacent  waters. 

Convention  Concerning  Fishing  in  the  Black  Sea  (as  amended),  Varna, 

1959 

Tb  ensure  the  rational  utilization  of  the  fishery  resources  and  the  develop¬ 
ment  of  marine  fishing  in  the  Black  Sea. 

The  Antarctic  Treaty,  Washington,  1959 

Tb  ensure  that  Antarctica  is  used  for  peaceful  purposes,  for  international 
cooperation  in  scientific  research,  and  does  not  b^me  the  scene  or  object  of 
international  discord. 

Agreement  Concerning  Cooperation  in  the  Quarantine  of  Plants  and 
Their  Protection  Against  Pests  and  Diseases,  Sofia,  1969 
Tb  expand  cooperation  in  the  quarantine  of  plants  and  their  protection  from 
pests,  diseases,  and  weeds,  and  to  coordinate  measures  in  respect  of  quaran¬ 
tine  of  plants,  the  control  of  pests  and  diseases  of  agricultural  plants,  and  the 
control  of  weeds. 
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Convention  Concerning  the  Protection  of  Workers  Against  Ionizing 
Radiations,  Geneva,  1960 

Tb  protect  workers,  as  regards  their  health  and  safety,  against  ionizing 
radiations. 

Convention  on  Third  Party  Liability  in  the  Field  of  Nuclear  Energy  (as 
amended),  Paris,  1960 

lb  ensure  adequate  and  equitable  compensation  for  persons  who  suffer 
damage  caused  by  nuclear  incidents,  while  ensuring  that  the  development  of 
nuclear  energy  for  peaceful  purposes  is  not  thereby  hindered,  lb  unify  the 
basic  rules  in  various  countries  relating  to  liability  incurred  for  such 
damage. 

Convention  Supplementary  to  the  Paris  Convention  on  Third  Party 
Liability  in  the  Field  of  Nuclear  Energy  (as  amended),  Brussels, 

1963 

lb  supplement  the  measures  contained  in  the  Paris  Convention  with  a  view 
to  increasing  the  amount  of  compensation  for  damage  which  might  result 
from  the  use  of  nuclear  energy  for  peaceful  purposes. 

Protocol  Concerning  the  Constitution  of  an  International  Conunission 
for  the  Protection  of  the  Moselle  Against  Pollution,  Paris,  1961 
lb  protect  the  Moselle  River  against  pollution. 

International  Convention  on  the  Protection  of  New  Varieties  of  Plants, 
Paris,  1961 

lb  recognize  and  protect  the  rights  of  breeders  of  new  varieties  of  plants  and 
their  successors  in  title. 

Convention  on  the  AMcan  Migratory  Locust,  Kano,  1962 

lb  maintain  on  an  international  basis  the  preventive  control  of  the  African 
migratory  locust  and  to  extend  such  control  to  other  species  of  migratory 
Acrididae. 

Agreement  Concerning  Cooperation  in  Marine  Fishing,  Warsaw,  1962 

lb  foster  cooperation  in  the  development  of  marine  fishing,  fishing  techni¬ 
ques,  fish  processing  technology,  and  scientific  research  into  the  condition  of 
living  marine  resources. 

Agreement  Concerning  the  International  Commission  for  the 

Protection  of  the  Rhine  Against  Pollution  (as  amended),  Berne, 

1963 

lb  maintain  cooperation  between  the  riparian  States  in  preventing  pollution 
and  improving  the  quality  of  the  waters  of  the  Rhine. 

Vienna  Convention  on  Civil  Liability  for  Nuclear  Damage,  Vienna,  1963 
lb  establish  minimiim  standards  to  provide  financial  protection  against 
damage  resulting  from  peaceful  use  of  nuclear  energy. 

Optional  Protocol  Concerning  the  Compulsory  Settlement  of  Disputes, 
Vienna,  1963 

lb  bring  any  dispute  arising  out  of  the  interpretation  or  application  of  the 
(Convention  to  the  compulsory  jurisdiction  of  the  International  Court  of  Jus¬ 
tice,  unless  some  other  form  of  settlement  has  been  agreed  upon  by  the  par¬ 
ties  within  a  reasonable  period. 
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Treaty  Banning  Nuclear  Weapon  Tests  in  the  Atmosphere,  in  Outer 
Space  and  under  Water,  Moscow,  1963 

Tb  obtain  an  agreement  on  general  and  complete  disarmament  under  strict 
international  control  in  accordance  with  the  objectives  of  the  United  Nations; 
to  put  an  end  to  the  armaments  race  and  eliminate  incentives  to  the  produc¬ 
tion  and  testing  of  all  kinds  of  weapons,  including  nuclear  weapons. 

Agreement  for  the  Establishment  of  a  Commission  for  Controlling  the 
Desert  Locust  in  the  Eastern  Region  of  its  Distribution  Area  in 
Southwest  Asia  (as  amended),  Rome,  1963 

Througdi  the  establishment  of  a  commission  within  the  framework  of  FAO,  to 
promote  national  and  international  research  and  action  to  control  the  desert 
locust  in  the  region  (Afghanistan,  India,  the  Islamic  Republic  of  Iran,  Pakis¬ 
tan,  and  any  territories  adjacent  to  them). 

Convention  and  Statute  relating  to  the  Development  of  the  Chad  Basin 
(as  amended),  Fort-Lamy  (NDJamina),  1964 

Ib  intensify  cooperation  and  efforts  in  the  development  of  the  Chad  Basin 
and  to  establish  an  institution  for  this  purpose. 

Convention  for  the  International  Council  for  the  Exploration  of  the  Sea 
(as  amended),  Copenhagen,  1964 

Tb  provide  a  new  constitution  for  the  International  Council  for  the  Elxplora- 
tion  of  the  Sea  established  in  Copenhagen  in  1902. 

Agreement  for  the  Establishment  of  a  Commission  for  Controlling  the 
Desert  Locust  in  the  Near  East  (as  amended) 

Through  the  establishment  of  a  commission  within  the  framework  of  FAO,  to 
promote  national  and  international  research  and  action  to  control  the  desert 
locust  in  the  region. 

International  Convention  for  the  Conservation  of  Atlantic  T\inas,  Rio  de 
Janeiro,  1966 

lb  maintain  populations  of  t\ma  and  tuna-like  fish  in  the  Atlantic  Ocean  at 
levels  permitting  the  maximum  sustainable  catch  for  food  and  other  pur¬ 
poses. 

Treaty  of  Principles  (joveming  the  Activities  of  States  in  the 

Exploration  and  Use  of  Outer  Space  Including  the  Moon  and  Other 
Celestial  Bodies,  London,  Moscow,  Washington,  1967 
Tb  establish  an  international  legal  regime  for  the  exploration  and  use  of 
outer  space. 

Phyto-Sanitary  Convention  for  Africa,  Kinshasa,  1967 

Tb  control  and  eliminate  plant  diseases  in  Africa  and  prevent  the  introduc¬ 
tion  of  new  diseases. 

African  Convention  on  the  Conservation  of  Nature  and  Natural 
Resources,  Algiers,  1968 

Tb  encourage  individual  and  joint  action  for  the  conservation,  utilization, 
and  development  of  soil,  water  flora  and  fauna  for  the  present  and  future 
welfare  of  mankind,  firom  an  economic,  nutritional,  scientific,  educational, 
cultural,  and  aesthetic  point  of  view. 


405 


1970  ENVIRONMENTAL  QUALITY  1990 


European  Agreement  on  the  Restriction  of  the  Use  of  Certain 

Detergents  in  Washing  and  Cleaning  Products,  Strasbourg,  1968 
lb  protect  the  supply  of  water  for  the  population,  industry,  agriculture,  and 
other  business  occupations,  and  the  natural  aquatic  faima  and  flora,  in  pfur- 
ticular  in  so  far  as  they  contribute  to  human  well-being,  and  to  foster  the  un¬ 
hindered  eqjoyment  of  places  devoted  to  leisure  and  sport. 

European  Convention  for  the  Protection  of  Animals  During 
International  IVansport,  Paris,  1968 

lb  safeguard,  as  far  as  possible,  animals  in  transport  from  suffering  through 
the  adoption  of  common  provisions  regarding  the  international  transport  of 
animals. 

European  Convention  on  the  Protection  of  the  Archeological  Heritage, 
London,  1969 

lb  apply  stringent  scientific  methods  to  archaeological  research  and  dis¬ 
coveries  to  preserve  their  full  historical  significance;  to  prevent  illicit  excava¬ 
tion  and  through  education  to  give  archaeological  excavations  their  full 
scientific  significance. 

Agreement  for  Cooperation  in  Dealing  with  Pollution  of  the  North  Sea 
by  Oil,  Bonn,  1969 

lb  ensure  cooperation  between  the  coastal  states  in  providing  manpower, 
supplies,  equipment,  and  scientific  advice  at  short  notice  to  deal  with  dis¬ 
charges  of  oil  or  other  noxious  or  hazEudous  substances  in  the  North  Sea. 

Convention  on  the  Conservation  of  the  Living  Resources  of  the 
southeast  Atlantic,  Rome,  1969 

lb  achieve  cooperation  in  the  conservation  and  rational  exploitation  of  the 
living  resources  of  the  southeast  Atlantic  Ocean. 

International  Convention  on  Civil  Liability  for  Oil  Pollution  Damage 
(as  amended),  Brussels,  1969 

lb  ensure  that  adequate  compensation  is  available  to  persons  who  suffer 
damage  caused  by  pollution  resulting  from  ships,  lb  standardize  interna¬ 
tional  rules  and  procedures  for  determining  questions  of  liability  and  ade¬ 
quate  compensation  in  such  areas. 

International  Convention  Relating  to  Intervention  on  the  High  Seas  in 
Cases  of  Oil  Pollution  Casualties,  Brussels,  1969 
lb  enable  countries  to  take  action  on  the  high  seas  in  cases  of  a  maritime 
casualty  resulting  in  dan{^  of  oil  pollution  of  sea  and  coastlines;  to  establish 
that  such  action  would  not  affect  the  principle  of  freedom  of  the  high  seas. 

Protocol  Relating  to  Intervention  on  the  Hi^  Seas  in  Cases  of  Marine 
Pollution  by  Substances  Other  than  Oil,  London,  1973 
lb  enable  states  to  take  action  on  the  high  seas  in  cases  of  maritime  casual¬ 
ties  resulting  in  grave  and  imminent  danger  of  pollution  to  their  coastline  or 
related  interests  by  substances  other  than  oil. 

Benelux  Convention  on  the  Hunting  and  Protection  of  Birds  (as 
amended),  Brussels,  1970 

lb  harmonize  legislation  and  regulations  relating  to  hunting  and  the  protec¬ 
tion  of  wild  birds  in  the  three  contracting  states. 
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Agreement  for  the  Elstablishment  of  a  Commiaaion  for  Controlling  the 
Deaert  Locuat  in  Northweat  Africa  (aa  amended),  Rome,  1970 
Through  the  establishment  of  a  commission  within  the  framework  of  FAO,  to 
promote  national  and  international  research  and  action  to  control  the  desert 
locust  in  the  region. 

Convention  on  Wetlands  of  International  Importance  Especially  as 
Waterfowl  Habitat,  Ramsar,  1971 

lb  stem  the  progressive  encroachment  on  and  loss  of  wetlands  now  and  in 
the  future,  recognizing  the  fundamental  ecological  functions  of  wetlands  and 
their  economic,  cultural,  scientific,  and  recreational  value. 

Protocol  to  Amend  the  Convention  on  Wetlands  of  International 
Importance  Especially  as  Waterfowl  Habitat,  Paris,  1982 
lb  render  the  Convention  more  effective. 

IVeaty  on  the  Prohibition  of  the  Emplacement  of  Nuclear  Weapons  and 
other  Weapons  of  Mass  Destruction  on  the  Seabed  and  the  Ocean 
Floor  and  in  the  Subsoil  Thereof,  London,  Moscow,  Washington, 

1971 

lb  exclude  the  seabed,  the  ocean  floor,  and  the  subsoil  thereof  from  the  arms 
race  as  a  step  towards  disarmament,  the  reduction  of  international  tensions, 
and  the  maintenance  of  world  peace. 

Convention  Relating  to  Civil  Liability  in  the  Field  of  Maritime  Carriage 
of  Nuclear  Material,  Brussels,  1971 

Further  to  the  Paris  Convention  of  29  July  1960  and  the  Vienna  Convention 
of  21  May  1963,  to  ensure  that  the  operator  of  nuclear  installations  will  be 
exclusively  liable  for  damage  caused  by  a  nuclear  incident  occurring  in  the 
course  of  maritime  carriage  of  nuclear  material. 

International  Convention  on  the  Establishment  of  an  International 
Fund  for  Compensation  for  Oil  Pollution  Damage  (as  amended), 
Brussels,  1971 

Ib  supplement  the  International  (invention  on  Civil  Liability  for  Oil  Pollu¬ 
tion  Damage,  1969;  to  ensure  that  adequate  compensation  is  available  to 
persons  who  suffer  damage  caused  by  pollution  resulting  from  the  escape  or 
by  discharge  of  oil  from  ships;  and  to  ensure  that  the  oil  cargo  interests  bear 
a  part  of  the  economic  consequences  of  such  oil  pollution  damage,  to  the  relief 
of  the  shipping  industry. 

Convention  Concerning  Protection  Against  Hazards  of  Poisoning 
Arising  from  Benzene,  Geneva,  1971 

Tb  protect  workers  from  hazards  arising  from  the  production,  handling,  or 
use  of  benzene. 

Convention  for  the  Prevention  of  Marine  Pollution  by  Dumping  from 
Ships  and  Aircraft  (as  amended),  Oslo,  1972 

lb  control  the  dumping  of  harmful  substances  from  ships  and  aircraft  in  the 
sea. 

Convention  Concerning  the  Status  of  the  Senegal  River,  and  Convention 
Establishing  the  Senegal  River  Development  Organization  (as 
amended),  Nouakchott,  1972 

lb  promote  cooperation  among  the  riparian  states  of  the  Senegal  River  in  the 
management  and  development  of  its  resources. 
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Convention  for  the  Conservation  of  Antarctic  Seals,  London,  1972 

Td  promote  and  achieve  the  protection,  scientific  study,  and  rational  use  of 
Antarctic  seals,  and  to  maintain  a  satisfactory  balance  within  the  ecological 
^stem  of  the  Antarctic. 

Convention  on  the  Prohibition  of  the  Development,  Production,  and 
Stockpiling  of  Bacteriological  (Biological)  and  Toxin  Weapons,  and 
on  their  Destruction,  London,  Moscow,  Washington,  1972 
lb  prohibit  the  development  of  biological  weapons  and  eliminate  them,  as  a 
step  toward  general  disarmament  for  the  sake  of  all  mankind. 

Convention  Concerning  the  Protection  of  the  World  Cultural  and 
Natiutd  Heritage,  Paris,  1972 

lb  establish  an  effective  ^stem  of  collective  protection  of  the  cultiural  and 
natural  heritage  of  outstanding  universal  vcdue,  organized  on  a  permanent 
basis  and  in  accordance  with  modem  scientific  methods. 

Convention  on  the  Prevention  of  Marine  Pollution  by  Dumping  of 
Wastes  and  Other  Matter  (as  amended),  London,  Mexico  City, 
Moscow,  Washington,  1972 

lb  control  pollution  of  the  sea  by  dumping,  and  to  encourage  regional  agree¬ 
ments  supplementary  to  the  convention. 

Convention  on  Intematioiud  IVade  in  Endangered  Species  of  l^d 
Fauna  and  Flora,  Washington,  1973 

lb  protect  certain  endangered  species  from  over-exploitation  by  means  of  a 
^stem  of  import/export  permits. 

Convention  Establishing  a  Permanent  Interstate  Drought  Control 
Committee  for  the  Sahel,  Ouagadougou,  1973 

lb  protect  the  life  of  the  peoples  of  the  Sudano-Sahelian  region  and  their 
economy  against  the  drought. 

Convention  on  Fishing  and  Conservation  of  the  Living  Resources  in  the 
Baltic  Sea  and  Belts,  Gdansk,  1973 

lb  achieve  greater  and  closer  cooperation  between  the  parties  in  order  to 
maintain  the  maximum  stable  productivity  of  the  living  resources  of  the 
region. 

International  Convention  for  the  Prevention  of  Pollution  from  Ships, 
London  1973 

lb  preserve  the  marine  environment  by  achieving  the  complete  elimination 
of  international  pollution  by  oil  and  other  harmful  substances  and  the  mini¬ 
mization  of  accidental  discharge  of  such  substances. 

Protocol  of  1978  Relating  to  the  International  Convention  for  the 
Prevention  of  Pollution  from  Ships,  London,  1973 
The  1978  Protocol  modifies  various  provisions  of  the  1973  London  Conven¬ 
tion,  and  in  particular  of  its  Annex  I.  It  also  postpones  the  entry  into  force  of 
Annex  11  of  the  convention  for  a  period  of  at  least  three  years. 

Agreement  on  Conservation  of  Polar  Bears,  Oslo,  1973 

lb  achieve  protection  of  the  polar  bear  as  a  significant  resource  of  the  Arctic 
region  through  further  conservation  and  management  measiires. 
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Convention  on  the  Protection  of  the  Environment  Between  Denmark, 
Finland,  Norway  and  Sweden,  Stockholm,  1974 
Tb  protect  and  improve  the  environment  through  cooperation  to  ensure  that 
activities  under  the  jurisdiction  of  one  state  do  not  cause  damage  to  the  en¬ 
vironment  of  other  states. 

Convention  on  the  Protection  of  the  Marine  Environment  of  the  Baltic 
Sea  Area,  Helsinki,  1974 

Tb  protect  and  enhance  the  marine  environment  of  the  Baltic  Sea  area  by 
means  of  regional  cooperation. 

Convention  on  the  Prevention  of  Marine  Pollution  from  Land-Based 
Sources,  Paris,  1974 

The  convention  forms  part  of  a  comprehensive  set  of  progressive  and 
coherent  measiu'es  to  protect  the  marine  environment  from  pollution. 

Convention  Concerning  Prevention  and  Control  of  Occupational 

Hazards  Caused  by  Carcinogenic  Substances  and  Agents,  Geneva, 
1974 

Tb  protect  workers  against  hazards  arising  from  occupational  exposure  to 
carcinogenic  substances  and  agents. 

Agreement  on  an  International  Energy  Program,  Paris,  1974 

Tb  carry  out  a  comprehensive  program  of  energy  cooperation  within  the 
framework  of  the  International  Energy  Agency. 

Convention  for  the  Protection  of  the  Mediterranean  Sea  Against 
Pollution,  Barcelona,  1976 

In  the  light  of  the  special  characteristics  and  vulnerability  of  the  Mediter¬ 
ranean,  to  achieve  international  cooperation  for  a  coordinated  and  com¬ 
prehensive  approach  to  the  protection  and  enhancement  of  the  marine 
environment  in  the  Mediterranean  area. 

Protocol  for  the  Prevention  of  Pollution  of  the  Mediterranean  Sea  by 
Dumping  from  Ships  and  Aircraft,  Barcelona,  1976 
Tb  control  and  in  certain  circumstances  prohibit  the  dumping  into  the 
Mediterranean  Sea  area  of  wastes  or  other  matter. 

Protocol  Concerning  Cooperation  in  Combating  Pollution  of  The 

Mediterranean  Sea  by  Oil  and  Other  Harmful  Substances  in  Cases 
of  Emergency,  Barcelona,  1976 

Tb  protect  the  coastal  states  and  the  marine  ecosystem  of  the  Mediterranean 
Sea  against  pollution  by  oil  and  other  harmful  substances. 

Protocol  for  the  Protection  of  the  Mediterranean  Sea  Against  Pollution 
from  Land-Based  Sources,  Athens,  1980 

Tb  prevent,  abate,  combat,  and  control  pollution  of  the  Mediterranean  area 
caused  by  discharges  from  rivers  and  coastal  establishments. 

Protocol  Concerning  Mediterranean  Specially  Protected  Areas,  Geneva, 
1982 

Tb  protect  and  improve  the  state  of  the  natural  resources  and  natural  sites  of 
the  Mediterranean  Sea. 
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European  Convention  for  the  Protection  of  Animals  Kept  for  Farming 
Purposes,  Strasbourg,  1976 

Tb  protect  animals  kept  for  farming  purposes,  particularly  in  modem  inten¬ 
sive  stock  farming. 

Agreement  Concerning  the  Protection  of  the  Waters  of  the 
Mediterranean  Shores,  Monaco,  1976 

lb  maintain  cooperation  between  the  three  coastal  states  in  preventing  pol¬ 
lution  and  improving  the  quality  of  the  waters  of  the  Mediterranean  shores, 
in  the  coastal  region  between  6”  T  longitude  East  and  longitude  9*  8’  Elast. 

Convention  on  Conservation  of  Natiure  in  the  South  Pacific,  Apia,  1976 
lb  take  action  for  the  conservation,  utilization,  and  development  of  the 
natiiral  resources  of  the  South  Pacific  region  through  careful  planning  and 
management  for  the  benefit  of  present  and  future  generations. 

Convention  on  the  Protection  of  the  Archeological,  Historical,  and 
Artistic  Heritage  of  the  American  Nations  (Convention  of  San 
Salvador),  Santigo,  1976 

lb  take  steps  at  the  national  and  international  levels  for  effective  protection 
of  cultxiral  treasures,  and  to  fulfill  the  obligation  to  transmit  the  cultural 
heritage  to  coming  generations. 

Convention  on  the  Protection  of  the  Rhine  Against  Chemical  Pollution, 
Bonn,  1976 

lb  protect  the  Rhine  against  chemical  pollution  with  the  purpose  of 
ameliorating  the  standards  of  water  for  potable  and  industrial  use,  naviga¬ 
tion,  etc. 

Convention  Concerning  the  Protection  of  the  Rhine  Against  Pollution 
by  Chlorides,  Bonn,  1976 

lb  protect  the  Rhine  against  chloride  pollution  with  the  purpose  of 
ameliorating  water  standards. 

Convention  on  the  Prohibition  of  Military  or  Any  Other  Hostile  Use  of 
Environmental  Modification  Techniques,  New  York,  1976 
lb  prohibit  the  military  or  other  hostile  use  of  such  techniques  in  order  to 
consolidate  world  peace  and  trust  among  nations. 

Convention  on  Civil  Liability  for  Oil  Pollution  Damage  Resulting  from 
Exploration  for  and  Exploitation  of  Seabed  Mineral  Resources, 
London,  1977 

lb  ensure  that  adequate  compensation  is  available  to  victims  of  pollution 
damage  firom  offshore  activities,  by  means  of  the  adoption  of  uniform  rules 
and  procedures  for  determining  questions  of  liability  and  for  providing  such 
compensation. 

Convention  Concerning  the  Protection  of  Workers  Against 

Occupational  Hazards  in  the  Working  Environment  Due  to  Air 
Pollution,  Noise,  and  Vibration,  Geneva,  1977 

lb  protect  workers  against  occupational  hazards  in  the  working  environ¬ 
ment. 
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Kuwait  Regional  Convention  for  Cooperation  on  the  Protection  of  the 
Marine  Environment  from  Pollution,  Kuwait,  1978 
Tb  prevent,  abate,  and  combat  pollution  of  the  marine  environment. 

Protocol  Concerning  Regional  Cooperation  in  Combating  Pollution  by 
Oil  and  Other  Harmful  Subatances  in  Caaes  of  Emergency,  Kuwait, 
1978 

Tb  enhance  on  a  national  and  regional  basis  the  existing  measures  for 
responding  to  pollution  emergencies. 

IVeaty  for  Amazonian  Cooperation,  Brasilia,  1978 

Tb  promote  the  harmonious  development  of  the  Amazon  region  and  permit 
equitable  distribution  of  the  benefits  of  such  development  among  the  con¬ 
tracting  parties. 

Convention  on  Future  Multilateral  Cooperation  in  the  Northwest 
Atlantic  Fisheries,  Ottawa,  1978 

Tb  promote  the  conservation  and  optimum  utilization  of  the  fishery  resources 
of  the  northwest  Atlantic  area  within  a  framework  appropriate  to  the  regime 
of  extended  coastal  state  jurisdiction  over  fisheries,  and  accordingly  to  en¬ 
courage  international  cooperation  and  consultation  with  respect  to  these 
resources. 

Convention  on  the  Conservation  of  Migratory  Species  of  Wild  Animals, 
Bonn,  1979 

Tb  protect  those  species  of  wild  animals  that  migrate  across  or  outside  na¬ 
tional  boundaries. 

European  Convention  for  the  Protection  of  Animals  for  Slauj^ter, 
Strasbourg,  1979 

Tb  ensure  the  protection  of  animals  which  are  to  be  slaughtered. 

Convention  on  the  Conservation  of  European  \^ldlife  and  Natimal 
Habitats,  Berne,  1979 

Tb  conserve  wild  fauna  and  flora  and  their  natural  habitats,  especially  those 
species  and  habitats  whose  conservation  requires  the  cooperation  of  several 
States,  and  to  promote  such  cooperation. 

Convention  on  the  Physical  Protection  of  Nuclear  Material,  Vienna,  1979 
Tb  facilitate  the  safe  transfer  of  nuclear  material  and  to  establish  effective 
measures  for  its  physical  protection. 

Convention  on  Long-Range  Transboundary  Air  Pollution,  Geneva,  1979 
Tb  protect  man  and  his  environment  against  air  pollution  and  to  endeavor  to 
limit  and,  as  far  as  possible,  gradually  reduce  and  prevent  air  pollution,  in¬ 
cluding  long-range  transboundaiy  air  pollution. 

Protocol  to  the  1979  Convention  on  Long-Range  TVansboundary  Air 

Pollution  on  Long-Term  Financing  of  the  Cooperative  Program  for 
Monitoring  and  Evaluation  of  the  Long-Range  Transmission  of  Air 
Pollutants  in  Europe  (EMEP),  Geneva,  1984 

Tb  provide  for  long-term  funding  after  1984  for  the  implementation  of  the 
Cooperative  Program  for  the  Monitoring  and  Evaluation  of  the  Long-Range 
TVansmission  of  Air  Pollutants  in  Europe  (EMEP). 
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Protocol  to  the  1979  Convention  on  Long*Range  TVansboundary  Air 

Pollution  Concerning  the  Reduction  of  Sulphur  Emissions  or  Their 
Transboundary  Fluxes  by  at  Least  30  Percent*  Helsinki,  1986 
lb  provide  for  a  30  percent  reduction  in  sulphur  emissions  or  transboundary  ' 

fluxes  by  1983. 

Protocol  to  the  1979  Convention  on  Long-Range  TVanshoundary  Air 

Pollution  Concerning  the  Control  of  Emissions  of  Nitrogen  or  Their  ' 

IVansboundary  Fluxes,  Sofla,  1988 

lb  provide  for  the  control  or  reduction  of  nitrogen  oxides  and  their 
transboundary  fluxes. 

Convention  for  the  Conservation  and  Management  of  the  Vicima,  Lima, 

1979 

lb  continue  to  promote  the  conservation  and  management  of  the  vicuna.  ^ 

Convention  on  the  Conservation  of  Antarctic  Marine  Living  Resources, 

Canberra,  1980 

lb  safeguard  the  environment  and  protect  the  integrity  of  the  ecosystem  of  \ 

the  seas  surrounding  Antarctica,  and  to  conserve  Antarctic  marine  living  ; 

resources.  { 

European  Outline  Convention  on  Transfrontier  Cooperation  Between 
Territorial  Communities  or  Authorities,  Madrid,  1980 
lb  facilitate  and  foster  transfrontier  cooperation  between  territorial  com¬ 
munities  or  authorities  of  each  contracting  party. 

Convention  on  Future  Multilateral  Cooperation  in  Northeast  Atlantic 
Fisheries,  London,  1980 

lb  promote  the  conservation  and  optimum  utilization  of  the  flsheiy  resources 
of  the  northeast  Atlantic  area  within  a  framework  appropriate  to  the  regime 
of  extended  coastal  state  jurisdiction  over  flsheries,  and  accordingly  to  en¬ 
courage  international  cooperation  and  consultation  with  respect  to  these 
resources. 

Convention  Creating  the  Niger  Basin  Authority  and  Protocol  Relating 
to  the  Development  Fund  of  the  Niger  Basin,  Faranah,  1980 
lb  transform  the  River  Niger  Commission  into  a  Niger  Basin  Authority  and 
to  create  a  development  fund  to  contribute  to  the  development  of  the  Niger 
Basin. 

Convention  for  Cooperation  in  the  Protection  and  Development  of  the 
Marine  and  Coastal  Environment  of  the  West  and  Central  African 
Region,  Abidjan,  1981 

Protocol  Concerning  Cooperation  in  Combating  Pollution  in  Cases  of 
Emergency,  Abidjan,  1981 

lb  protect  the  marine  environment,  the  coastal  zones,  end  the  related  inter¬ 
nal  waters  falling  within  the  jurisdiction  of  the  states  of  the  west  and  central 
African  region  against  pollution  in  cases  of  emergency. 
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Supplementary  Protocol  to  the  Agreement  on  Regional  Cooperation  in 
Combating  Pollution  of  the  southeast  Paciflc  by  Oil  and  Other 
Harmful  Substances  in  cases  of  Emergency,  Quito,  1983 
Tb  protect  the  marine  environment  of  the  southeast  Pacific  area  against  pol¬ 
lution  by  oil  and  other  harmful  substances  in  cases  of  emergency. 

Protocol  for  the  Protection  of  the  southeast  Pacific  Against  Pollution 
from  Land-Based  Sources,  Quito,  1983 

Tb  prevent,  abate,  combat,  and  control  pollution  of  the  southeast  Pacific  area 
caused  by  discharges  from  rivers,  coastal  establishments  or  outfalls,  or 
emanating  from  any  other  land-based  sources  within  the  territories  of  the 
coastal  states. 

Convention  Concerning  Occupational  Safety  and  Health  and  the 
Working  Environment,  Geneva,  1981 

Tb  prevent  accidents  and  ii^uiy  to  health  by  minimizing  the  causes  of 
hazards  inherent  in  the  working  environment. 

Regional  Convention  for  the  Conservation  of  the  Red  Sea  and  Gulf  of 
Aden  Environment,  Jiddah,  1982 

Tb  ensure  rational  human  use  of  living  and  nonliving  marine  and  coastal 
resources  in  a  manner  ensuring  optimum  benefit  for  the  present  genera¬ 
tions,  at  the  same  time  maintaining  the  potential  of  that  environment  to 
satisfy  the  needs  and  aspirations  of  future  generations. 

Protocol  Concerning  Regional  Cooperation  in  Combating  Pollution  by 
Oil  and  Other  Harmful  Substances  in  Cases  of  Emergency,  Jiddah, 
1982 

Tb  enhance  measures  for  responding  to  pollution  emergencies  on  a  national 
and  regional  basis. 

Convention  for  the  Conservation  of  Salmon  in  the  North  Atlantic  Ocean, 
Reykjavik,  1982 

Tb  promote  the  conservation,  restoration,  enhancement,  and  rational 
management  of  salmon  stock  in  the  north  Atlantic  Ocean  through  interna¬ 
tional  cooperation,  as  well  as  the  acquisition,  analysis,  and  dissemination  of 
appropriate  scientific  information. 

Benelux  Convention  on  Natiure  Conservation  and  Landscape 
Protection,  Brussels,  1982 

Tb  preserve  nature,  natural  areas,  and  the  landscapes,  especially  in  bound¬ 
ary  regions. 

United  Nations  Convention  on  the  Law  of  the  Sea,  Montego  Bay,  1982 

Tb  set  up  a  comprehensive  new  legal  regime  for  the  sea  and  oceans  and,  as  far 
as  environmental  provisions  are  concerned,  to  establish  material  rules  con¬ 
cerning  environmental  standards  as  well  as  enforcement  provisions  dealing 
with  pollution  of  the  marine  environment. 

Convention  for  the  Protection  and  Development  of  the  Marine 

Environment  of  the  Wider  Caribbean  Region,  Cartagena,  1983 
Tb  protect  and  manage  the  marine  environment  and  coastal  areas  of  the 
wider  Caribbean  region. 
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Protocol  Concerning  Cooperation  in  Combating  Oil  Spilla  in  the  Wider 
Caribbean  Region,  Cartagena,  1983 

lb  provide  a  framework  for  regional  cooperation  and  assistance  in  the  event 
of  an  oil  spill  incident  in  the  Caribbean  region. 

Agreement  for  Cooperation  in  Dealing  with  Pollution  of  the  North  Sea 
by  Oil  and  Other  Harmful  Substances,  Bonn,  1983 
lb  ensure  cooperation  between  the  coastal  States  in  providing  manpower, 
suppUes,  equipment,  and  scientiAc  advice  at  short  notice  to  deal  with  dis¬ 
charges  of  oil  or  other  harmful  substances  in  the  North  Sea. 

International  IVopical  Timber  Agreement,  Geneva,  1983 

lb  provide  an  effective  framework  for  cooperation  and  consultation  between 
countries  producing  and  consuming  tropical  timber,  to  promote  the  expan¬ 
sion  and  diversification  of  international  trade  in  tropical  timber  and  the  im¬ 
provement  of  structural  conditions  in  the  tropical  timber  market,  to  promote 
and  support  research  and  development  with  a  view  to  improving  forest 
management  and  wood  utilization,  and  to  encourage  the  development  of  na¬ 
tional  policies  aimed  at  sustainable  utilization  and  conservation  of  tropical 
forests  and  their  genetic  resources,  and  at  mmntaining  the  ecological  balance 
in  the  regions  concerned. 

Menna  Convention  for  the  Protection  of  the  Ozone  Layer,  Vienna,  1985 
lb  protect  human  health  and  the  environment  against  adverse  effects  result¬ 
ing  form  modifications  of  the  ozone  layer. 

Montreal  Protocol  on  the  Substances  that  Deplete  the  Ozone  Layer, 
Montreal,  1987 

lb  protect  the  ozone  layer  by  taking  precautionary  measures  to  control  global 
emissions  of  substances  that  deplete  it. 

Convention  for  the  Protection,  Management,  and  Development  of  the 
Marine  and  Coastal  Environment  of  the  Eastern  African  Region, 
Nairobi,  1985 

lb  protect  and  manage  the  marine  environment  and  coastal  areas  of  the  east 
African  region. 

Protocol  Concerning  Protected  Areas  and  l^d  Fauna  and  Flora  in  the 
Eastern  African  Region,  Nairobi,  1985 

lb  provide  for  the  protection  of  threatened  and  endangered  species  of  flora 
and  faima,  and  important  natural  habitats,  in  the  east  African  region. 

Protocol  Concerning  Cooperation  in  Combating  Marine  Pollution  in 
Cases  of  Emergency  in  the  Eastern  African  Region,  Nairobi,  1985 
lb  provide  a  framework  for  coordinated  response  in  mqjor  spillages  or  oil  and 
other  harmful  substances  in  the  convention  area. 

Convention  Concerning  Occupational  Health  Services,  Geneva,  1985 

lb  establish  and  maintain  a  safe  and  healthy  working  environment  and  the 
adaption  of  work  to  the  capabilities  of  workers  in  li^t  of  their  state  of  physi¬ 
cal  and  mental  health. 

South  PaciHc  Nuclear  Free  Zone  IVeaty,  Raratonga,  1985 

lb  establish  a  nuclear  free  zone  in  the  region  and  to  keep  the  region  free  of 
environmental  pollution  by  radioactive  wastes. 
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ASEAN  Agreement  on  the  Conservation  of  Nature  and  Natural 
Resources,  Kuala  Lumpure,  1986 

Tb  promote  joint  and  individual  state  action  for  the  conservation  and 
management  of  the  natural  resources  of  the  ASEAN  region. 

Convention  Concerning  Safety  in  the  Use  of  Asbestos,  Geneva,  1986  Tb 
prevent  and  control  the  exposure  of  workers  to  asbestos  and  to 
protect  them  against  health  hazards  due  to  occupational  exposure 
to  asbestos. 

Convention  on  Early  Notification  of  a  Nuclear  Accident,  Vienna,  1986 
lb  provide  relevant  information  about  nuclear  accidents  as  early  as  possible 
in  order  that  transboundary  radiological  consequences  can  be  minimized. 

Convention  on  Assistance  in  the  Case  of  a  Nuclear  Accident  or 
Radiological  Emergency,  Vienna,  1986 

lb  facilitate  the  prompt  provision  of  assistance  in  the  event  of  a  nuclear  acci¬ 
dent  or  radiological  emergency. 

Convention  for  the  Protection  of  the  Natural  Resources  and 
Environment  of  the  South  PaciHc  Region,  Noumea,  1986 
lb  protect  and  manage  the  natural  resources  and  environment  of  the  South 
Padflc  region. 

Protocol  for  the  Prevention  of  Pollution  of  the  South  Pacific  Region  by 
Dumping,  Noumea,  1986 

lb  prevent,  reduce,  and  control  pollution  by  dumping  of  wastes  and  other 
matter  in  the  South  Pacific. 

Protocol  Concerning  Cooperation  in  Combating  Pollution  Emergencies 
in  the  South  Pacific  Region,  Noumea,  1986 

lb  enhance  cooperation  among  the  parties  to  protect  the  South  Pacific  region 
from  threats  and  effects  of  pollution  incidents. 

Agreement  on  the  Action  Plan  for  the  Environmentally  Sound 

Management  of  the  Conunon  Zambezi  River  System,  Harare,  1987 
lb  coordinate  the  efforts  of  the  parties  in  the  sound  management  of  the  water 
resources  and  the  environment  of  the  Common  Zambezi  River  System. 

Convention  on  the  Regulation  of  Antarctic  Mineral  Resource  Activities, 
Wellington,  1988 

lb  provide  for  principles,  rules,  and  institutions  to  assess  the  possible  impact 
on  the  environment  of  Antarctic  mineral  resource  activities,  to  determine  the 
acceptability  of  those  activities,  to  govern  the  conduct  of  the  activities,  and  to 
ensure  that  all  such  activities  are  undertaken  in  conformity  with  the  conven¬ 
tion.  The  aims  of  the  convention  being  to  prohibit  activities  that  would  cause 
damage  to  the  environment  or  ecosystems  of  the  Antarctic  or  affect  global  or 
regional  climate  patterns. 

Joint  Protocol  Relating  to  the  Application  of  the  Vienna  Convention  and 
the  Paris  Convention,  Vienna,  1988 

lb  establish  a  special  link  between  the  Vienna  Convention  on  Civil  Liability 
for  Nuclear  Damage  of  21  May,  1963,  and  the  Paris  Convention  on  Third 
Party  Liability  in  the  field  of  Nuclear  Energy  of  29  July,  1960,  and  eliminate 
possible  conflicts  arising  from  the  simultaneous  application  of  both  conven¬ 
tions  to  a  nuclear  incident. 
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Environmental 
Declarations  from 
the  Economic 
Summit,  Paris,  1989 

33)  There  is  growing  awareness  throughout  the  world  of  the  necessity  to 
preserve  better  the  global  ecological  balance.  This  includes  serious  threats 
to  the  atmosphere,  which  could  lead  to  future  climate  changes.  We  note 
with  great  concern  the  growing  pollution  of  air,  lakes,  rivers,  oceans,  and 
seas;  add  rain,  dangerous  substances;  and  the  rapid  desertification  and 
deforestation.  Such  environmental  degradation  endangers  spedes  and  un¬ 
dermines  the  well-being  of  individuals  and  sodeties. 

Dedsive  action  is  virgently  needed  to  imderstand  and  protect  the  earth’s 
ecological  balance.  We  will  work  together  to  achieve  the  common  goals  of 
preserving  a  healthy  and  balanced  global  environment  in  order  to  meet 
shared  economic  and  sodal  objectives  and  to  carry  out  obligations  to  future 
generations. 

34)  We  urge  all  countries  to  give  further  impetus  to  scientific  research  on  en¬ 
vironmental  issues,  to  develop  necessary  technologies  and  to  make  dear 
evaluations  of  the  economic  costs  and  benefits  of  environmental  policies. 

The  persisting  uncertainty  on  some  of  these  issues  should  not  unduly 
delay  our  action.  In  this  connection,  we  ask  all  countries  to  combine  their  e^ 
forts  in  order  to  improve  observation  and  monitoring  on  global  scale. 

35)  We  believe  that  international  cooperation  also  needs  to  be  enhanced  in  the 
field  of  technology  and  technology  transfer  in  order  to  reduce  pollution  or 
provide  alternative  solutions. 

36)  We  believe  that  industry  has  a  crudal  role  in  preventing  pollution  at  source, 
in  waste  minimization,  in  energy  conservation,  and  in  the  design  and 
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marketing  of  cost-effective  clean  technologies.  The  agriculture  sector  must 
also  contribute  to  tackling  problems  such  as  water  pollution,  soil  erosion, 
and  desertification. 

37)  Environmental  protection  is  integral  to  issues  such  as  trade,  development, 
energy,  transport,  agriculture,  and  economic  planning.  Therefore,  environ¬ 
mental  considerations  must  be  taken  into  account  in  economic  decisionmak¬ 
ing.  In  fact  good  economic  policies  and  good  environmental  policies  are 
mutually  reinforcing. 

In  order  to  achieve  sustainable  development,  we  shall  ensure  the  com¬ 
patibility  of  economic  growth  and  development  with  the  protection  of  the 
environment.  Environmental  protection  and  related  investment  should  con¬ 
tribute  to  economic  growth.  In  this  respect,  intensified  efforts  for  technologi¬ 
cal  breakthrough  are  important  to  reconcile  economic  growth  and 
environmental  policies. 

Clear  assessments  of  the  costs,  benefits,  and  resource  implications  of  en¬ 
vironmental  protection  should  help  governments  to  make  the  necessary 
decisions  on  the  mix  of  price  signals  (e.g.,  taxes  or  expenditures)  and 
regulatory  actions,  reflecting  where  possible  the  full  value  of  natural 
resources. 

We  encourage  the  World  Bank  and  regional  development  banks  to  in¬ 
tegrate  environmental  considerations  into  their  activities.  International  or¬ 
ganizations  such  as  the  OECD  and  the  United  Nations  and  its  affiliated 
organizations,  will  be  asked  to  develop  further  techniques  of  analysis  which 
would  help  governments  assess  appropriate  economic  measures  to  promote 
the  quality  of  the  environment.  We  ask  the  OECD,  within  the  context  of  its 
work  on  int^ating  environment  and  economic  decisionmaking,  to  examine 
how  selected  environmental  indicators  could  be  developed.  We  expect  the 
1992  U.N.  Conference  on  Environment  and  Development  to  give  additional 
momentum  to  the  protection  of  the  global  environment. 

38)  lb  help  developing  countries  deal  with  past  damage  and  to  encourage  them 
to  take  environmentally  desirable  action,  economic  incentives  may  include 
the  use  of  aid  mechanisms  and  specific  transfer  of  technology.  In  special 
ctises,  ODA  debt  forgiveness  and  debt  for  nature  swaps  can  play  a  useful 
role  in  environmental  protection. 

We  also  emphasize  the  necessity  to  take  into  account  the  interests  and 
needs  of  developing  countries  in  sustaining  the  growth  of  their  economies 
and  the  financial  and  technological  requirements  to  meet  environmental 
challenges. 

39)  The  depletion  of  the  stratospheric  ozone  layer  is  alarming  and  calls  for 
prompt  action.  We  welcome  the  Helsinki  conclusions  related,  among  other 
issues,  to  the  complete  abandonment  of  the  production  and  consumption  of 
chlorofluorocarbons  covered  by  the  Montreal  protocol  as  soon  as  possible 
and  not  later  than  the  end  of  the  century.  Specific  attention  must  also  be 
given  to  those  ozone-depleting  substances  not  covered  ly  the  Montreal 
protocol.  We  shall  promote  the  development  and  use  of  suitable  substitute 
substances  and  technologies.  More  emphasis  should  be  placed  on  projects 
that  provide  alternatives  to  chlorofluorocarbons. 

40)  We  strongly  advocate  common  efforts  to  limit  emissions  of  carbon  dioxide 
and  other  greenhouse  gases,  which  threaten  to  induce  climate  change,  en¬ 
dangering  the  environment  and  ultimately  the  economy.  We  strongly  sup- 
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port  the  work  undertaken  Iqr  the  Intergovernmental  Panel  on  Climate 
Change,  on  this  issue. 

We  need  to  strengthen  the  worldwide  network  of  observatories  to  green¬ 
house  gases  and  support  the  World  Meteorological  Organization  initiative 
to  establish  a  global  climatological  reference  network  to  detect  climate 
changes. 

41)  We  agree  that  increasing  energy  efSciency  could  make  a  substantial  con¬ 
tribution  to  these  goals.  We  urge  international  organizations  concerned  to 
encourage  measures,  to  improve  energy  conservation  and,  more  broadly,  ef¬ 
ficiency  in  the  use  of  energy  of  all  kinds  and  to  promote  relevant  techniques 
and  technologies. 

We  are  committed  to  maintaining  the  highest  safety  standards  for 
nuclear  power  plants  and  to  strengthening  international  cooperation  in  safe 
operation  of  power  plants  and  waste  management,  and  we  recognize  that 
nuclear  power  also  plays  an  important  role  in  limiting  output  of  greenhouse 
gases. 

42)  Deforestation  also  damages  the  atmosphere  and  must  be  reversed.  We  call 
for  the  adoption  of  sustainable  forest  management  practices,  with  a  view  to 
preserving  the  scale  of  world  forests.  The  relevant  international  organiza¬ 
tions  will  be  asked  to  complete  reports  on  the  state  of  the  world’s  forests  by 
1990. 

43)  Preserving  the  tropical  forests  is  an  urgent  need  for  the  world  as  a  whole. 
While  recognizing  the  sovereign  rights  of  developing  countries  to  make  use 
of  their  natural  resources,  we  encourage,  through  a  sustainable  use  of  tropi¬ 
cal  forests,  the  protection  of  all  the  species  therein  and  the  traditional 
rights  to  land  and  other  resources  of  local  commimities.  We  welcome  the 
German  initiative  in  this  field  as  a  basis  for  progress. 

Tb  this  end,  we  give  strong  support  to  rapid  implementation  of  the  Tropi¬ 
cal  Forest  Action  Plan  which  was  adopted  in  1986  in  the  framework  of  the 
Food  and  Agriculture  Organization.  We  appeal  to  both  consumer  and 
producer  countries,  which  are  united  in  the  International  Tropical  Timber 
Organization,  to  join  their  efforts  to  ensure  better  conservation  of  the 
forests.  We  express  our  readiness  to  assist  the  efforts  of  nations  with  tropi¬ 
cal  forests  through  financial  and  technical  cooperation,  and  in  international 
organizations. 

44)  Temperate  forests,  lakes  and  rivers  must  be  protected  against  the  effects  of 
acid  pollutants  such  as  sulphur  dioxide  and  nitrogen  oxides.  It  is  necessary 
to  pursue  actively  the  bilateral  and  multilateral  efforts  to  this  end. 

45)  The  increasing  complexity  of  the  issues  related  to  the  protection  of  the  at¬ 
mosphere  calls  for  innovative  solutions.  New  instnunents  may  be  con¬ 
templated.  We  believe  that  the  conclusion  of  a  framework  or  umbrella 
convention  on  climate  change  to  set  out  general  principles  or  guidelines  is 
urgently  required  to  mobilize  and  rationalize  the  efforts  made  by  the  inter¬ 
national  community.  We  welcome  the  work  under  way  by  the  United  Na¬ 
tions  Environment  Program,  in  cooperation  with  the  World  Meteorological 
Organization,  drawing  on  the  work  of  the  Intergovernmental  Panel  on 
Climate  Change  and  the  results  of  other  international  meetings.  Specific 
protocols  containing  concrete  commitments  could  be  fitted  into  the 
framework  as  scientific  evidence  requires  and  permits. 


419 


1970  ENVIROI^MENTAL  QUALITY  1990 


46)  We  condemn  indiscriminate  use  of  oceans  as  dumping  groimds  for  polluting 
waste.  There  is  a  particular  problem  with  the  deterioration  of  coastal 
waters,  lb  ensure  the  sustainable  management  of  the  marine  environment, 
we  recognize  the  importance  of  international  cooperation  in  preserving  it 
and  conserving  the  living  resources  of  the  sea.  We  call  for  relevant  bodies  of 
the  United  Nations  to  prepare  a  report  on  the  state  of  the  world’s  oceans. 

We  express  our  concern  that  national,  regional  and  global  capabilities  to 
contain  and  alleviate  the  consequences  of  maritime  oil  spills  be  improved. 
We  urge  all  countries  to  make  better  use  of  the  latest  monitoring  and  clean¬ 
up  technologies.  We  ask  all  countries  to  adhere  to  and  implement  fully  the 
international  conventions  for  the  prevention  of  oil  pollution  of  the  oceans. 
We  also  ask  the  International  Maritime  Organization  to  put  forward 
proposals  for  further  preventive  action. 

47)  We  are  committed  to  ensuring  full  implementation  of  existing  rules  for  the 
environment.  In  this  respect,  we  note  with  interest  the  initiatives  of  the 
Italian  government  to  host  in  1990  a  fonun  on  international  law  for  the  en¬ 
vironment  with  scholars,  scientiAc  experts  and  officials,  to  consider  the 
need  for  a  digest  of  existing  rules  and  to  give  in-depth  consideration  to  the 
legal  aspects  of  environment  at  the  international  level. 

4S)  We  advocate  that  existing  environmental  institutions  be  strengthened 
within  the  United  Nations  system.  In  particular,  the  United  Nations  En¬ 
vironment  Program  urgently  requires  strengthening  and  increased  finan¬ 
cial  support.  Some  of  us  have  agreed  that  the  establishment  within  the 
United  Nations  of  a  new  institution  may  also  be  worth  considering. 

49)  We  have  taken  note  of  the  report  of  the  sixth  conference  on  bioethics  held  in 
Brussels  which  examined  the  elaboration  of  a  universal  code  of  environmen¬ 
tal  ethics  based  upon  the  concept  of  the  "human  stewardship  of  nature." 

50)  It  is  a  matter  of  international  concern  that  Bangladesh,  one  of  the  poorest 
and  most  densely  populated  countries  in  the  world,  is  periodically  devas¬ 
tated  by  catastrophic  floods. 

We  stress  the  urgent  need  for  effective,  coordinated  action  by  the  intema- 
tioncd  community,  in  support  of  the  Government  of  Bangladesh,  in  order  to 
find  solutions  to  this  mqjor  problem  which  are  technically,  financially, 
economically,  and  environmentally  soimd.  In  that  spirit,  and  taking  account 
of  help  already  given,  we  take  note  of  the  different  studies  concerning  flood 
alleviation,  initiated  by  France,  Japan,  United  States,  and  the  United  Na¬ 
tions  Development  Program,  which  have  been  reviewed  by  experts  from  all 
our  countries.  We  welcome  the  World  Bank’s  agreement,  following  those 
studies,  to  coordinate  the  efforts  of  the  international  commimity  so  that  a 
sound  basis  for  achieving  a  real  improvement  in  alleviating  the  effects  of 
floods  can  be  established.  We  also  welcome  the  agreement  of  the  World 
Bank  to  chair,  by  the  end  of  the  year,  a  meeting  to  be  held  in  the  United 
Kingdom  by  invitation  of  the  Bangladesh  Government,  of  the  countries  will¬ 
ing  to  take  an  active  ptut  in  such  a  program. 

51)  We  give  political  support  to  projects  such  as  the  joint  project  to  set  up  an  ob¬ 
servatory  of  the  Saharan  areas,  which  answers  the  need  to  monitor  the 
development  of  that  rapidly  deteriorating,  fragile,  arid  region,  in  order  to 
protect  it  more  effectively. 
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Table  1 

Total  population,  including  armed  forces  overseas,  1900-1990 


(millions) 


Year 

Population 

Year 

Population 

Year 

Population 

1900 

76.09 

1931 

124.15 

1962 

186.54 

1901 

77.58 

1932 

124.95 

1963 

189.24 

1902 

79.16 

1933 

125.69 

1964 

191.89 

1903 

80.63 

1934 

126.49 

1965 

194.30 

1904 

82.17 

1935 

127.36 

1966 

196.56 

1905 

83.82 

1936 

128.18 

1967 

198.71 

1906 

85.45 

1937 

128.96 

1968 

200.71 

1907 

87.01 

1938 

129.97 

1969 

202.68 

1908 

88.71 

1939 

131.03 

1970 

205.05 

1909 

90.49 

1940 

132.59 

1971 

207.66 

1910 

92.41 

1941 

133.89 

1972 

209.90 

1911 

93.86 

1942 

135.36 

1973 

211.91 

1912 

95.34 

1943 

137.25 

1974 

213.85 

1913 

97.23 

1944 

138.92 

1975 

215.97 

1914 

99.11 

1945 

140.47 

1976 

218.04 

1915 

100.55 

1946 

141.94 

1977 

220.24 

1916 

101.96 

1947 

144.70 

1978 

222.59 

1917 

103.41 

1948 

147.21 

1979 

225.06 

1918 

104.55 

1949 

149.77 

1980 

227.76 

1919 

105.06 

1950 

152.27 

1981 

230.14 

1920 

106.46 

1951 

154.88 

1982 

232.52 

1921 

108.54 

1952 

157.55 

1983 

234.80 

1922 

110.05 

1953 

160.18 

1984 

237.00 

1923 

111.95 

1954 

163.03 

1985 

239.28 

1924 

114.11 

1955 

165.93 

1986 

241.61 

1925 

115.83 

1956 

168.90 

1987 

243.92 

1926 

117.40 

1957 

171.98 

1988 

246.11 

1927 

119.04 

1958 

174.88 

1989 

248.25P 

1928 

120.51 

1959 

177.83 

1990 

250.4  Ip 

1929 

121.77 

1960 

180.67 

1930 

123.19 

1961 

183.69 

Source:  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Current  population 
reports,  series  P-25,  nos.  521, 802,  990,  1018,  and  1022.  Washington,  D.C. 

Notes;  Annual  population  estimate  as  of  July  1 .  p>projected. 
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Table  2 

Population  growth  rate.  1901-1990 
(percent  change) 


Year 

Growth 

rate 

Year 

Growth 

rate 

Year 

Growth 

rate 

1901 

2.0 

1931 

0.7 

1961 

1.6 

1902 

2.0 

1932 

0.6 

1962 

1.5 

1903 

1.9 

1933 

0.6 

1963 

1.4 

1904 

1.9 

1934 

0.7 

1964 

1.3 

1905 

2.0 

1935 

0.7 

1965 

1.2 

1906 

1.9 

1936 

0.6 

1966 

1.1 

1907 

1.8 

1937 

0.7 

1967 

1.1 

1908 

2.0 

1938 

0.8 

1968 

1.0 

1909 

2.0 

1939 

0.8 

1969 

1.0 

1910 

2.1 

1940 

0.9 

1970 

1.3 

1911 

1.6 

1941 

1.0 

1971 

1.2 

1912 

1.6 

1942 

1.3 

1972 

1.0 

1913 

2.0 

1943 

1.3 

1973 

0.9 

1914 

1.9 

1944 

1.2 

1974 

0.9 

1915 

1.4 

1945 

1.0 

1975 

1.0 

1916 

1.4 

1946 

1.5 

1976 

1.0 

1917 

1.4 

1947 

1.8 

1977 

1.0 

1918 

1.1 

1948 

1.7 

1978 

1.1 

1919 

0.5 

1949 

1.7 

1979 

1.2 

1920 

1.3 

1950 

1.7 

1980 

1.1 

1921 

2.0 

1951 

1.7 

1981 

1.0 

1922 

1.4 

1952 

1.7 

1982 

1.0 

1923 

1.7 

1953 

1.7 

1983 

0.9 

1924 

1.9 

1954 

1.8 

1984 

0.9 

1925 

1.5 

1955 

1.8 

1985 

1.0 

1926 

1.4 

1956 

1.8 

1986 

0.9 

1927 

1.4 

1957 

1.7 

1987 

0.9 

1928 

1.2 

1958 

1.7 

1988 

0.9 

1929 

1.0 

1959 

1.7 

1989 

0.9 

1930 

0.9 

1960 

1.6 

1990 

0.9 

Source:  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Current  population 
reports,  series  P-25,  nos.  521, 802,  990, 1018,  and  1022.  Washington.  D  C. 

Notes:  Based  on  annual  population  estimate  as  of  July  1 .  Data  for  1989  and  1990 
are  projections. 
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Table  3 

Components  of  total  population  change,  1940-1990 
(millions) 


Year 

Births 

Deaths 

Net  civilian 
immigration 

Net 

change 

1940 

2.570 

1.432 

0.077 

1.221 

1945 

2.873 

1.549 

0.162 

1.462 

1950 

3.645 

1.468 

0.299 

2.486 

1955 

4.128 

1.537 

0.337 

2.925 

1960 

4.307 

1.708 

0.328 

2.901 

1965 

3.801 

1.830 

0.373 

2.315 

1970 

3.739 

1.927 

0.438 

2.617 

1975 

3.144 

1.894 

0.449 

2.165 

1980 

3.612 

1.990 

0.845 

2.582 

1985 

3.761 

2.087 

0.650 

2.325 

1990 

3.731 

2.180 

0.575 

2.126 

Source:  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Current  population 
reports,  series  P-25,  nos.  952,  990,  1018,  and  1023.  Washington,  D  C. 

Notes:  Based  on  annual  population  estimate  as  of  July  1 .  Data  for  1990  are  projec¬ 
tions. 


Table  4 

Age  structure  of  total  population,  including  armed  forces  overseas,  1940-1990 
(millions) 


Population,  by  age  class,  in  years 


Year 

<  5 

5-14 

15-24 

25-34 

35-44 

45-54 

55-64 

>  64 

1940 

10.6 

22.3 

24.0 

21.5 

18.4 

15.6 

10.7 

9.0 

1950 

16.3 

24.5 

22.3 

23.9 

21.6 

17.4 

13.4 

12.4 

1960 

20.3 

35.7 

24.6 

22.9 

24.2 

20.6 

15.6 

16.7 

1970 

17.2 

40.7 

36.5 

25.3 

23.1 

23.3 

18.7 

20.1 

1980 

16.5 

34.8 

42.7 

37.6 

25.9 

22.8 

21.8 

25.7 

1985 

18.0 

33.9 

39.6 

42.1 

31.8 

22.6 

22.3 

28.5 

1990 

18.4 

45.6 

26.1 

43.9 

37.9 

25.5 

21.4 

31.6 

Source:  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  1975.  Historical  sta¬ 
tistics  of  the  United  States:  Colonial  times  to  1970,  series  A  30-37.  Washington,  D.C. 

U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Current  population  reports, 
series  P-25,  nos.  311, 519,  917,  1018,  and  1022.  Washington,  D  C. 

Note:  Data  for  1990  are  projections. 
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Table  5 

Population  density,  1940-1987 
(population  per  square  mile) 


Year 

Contermin¬ 
ous  U.S. 

1  Counties  in  coastal  regions  I 

Balance 
of  U.S. 

Pacific 

Gulf 

Atlantic 

Great 

Lakes 

1940 

44.4 

64.1 

44.8 

244.4 

140.9 

28.5 

1950 

50.8 

97.6 

59.8 

283.3 

162.9 

30.9 

1960 

60.2 

142.7 

83.1 

341.6 

197.3 

34.3 

1970 

68.2 

182.5 

101.1 

394.4 

219.1 

37.6 

1980 

76.0 

215.8 

134.1 

414.9 

222.4 

42.8 

1985 

79.1 

231.5 

149.3 

429.7 

221.4 

44.6 

1987 

81.6 

248.3 

155.3 

445.1 

222.4 

45.6 

Source:  U.S.  Department  of  Commerce.  Bureau  of  the  Census.  Statistical  abstract  of 
the  United  States,  annual.  Washington,  D.C. 


Note:  Coastal  area  includes  61 1  counties  and  independent  cities  which  are  entirely  or 
or  substantially  within  50  miles  of  the  U.S.  coast. 


Table  6 

Gross  national  product,  1929-1990 


(billions  of  dollars) 


Year 

Current  dollars 

1982  dollars 

1929 

103.9 

709.6 

1935 

072.8 

580.2 

1940 

100.4 

772.9 

1945 

213.4 

1,354.8 

1950 

288.3 

1,203.7 

1955 

405.9 

1,494.9 

1960 

515.3 

1,665.3 

1965 

705.1 

2,087.6 

1970 

1,015.5 

2,416.2 

1975 

1,598.4 

2,695.0 

1980 

2,732.0 

3,187.1 

1985 

4,014.9 

3,662.4 

1989 

5,233.2 

4,142.6 

1990 

5,475.8 

na 

Source:  U.S.  Department  of  Commerce,  Bureau  of  Economic  Analysis.  Survey  of  Cur¬ 
rent  Business,  quarterly  issues.  Washington,  D.C. 

Executive  Office  of  the  President,  Council  on  Economic  Advisers.  1990  Economic  Re¬ 
port.  Washington,  D.C. 

Notes:  Data  for  1990  are  projections,  na^not  available. 
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Table  7 

Expenditures  for  pollution  abatement  and  control,  in  current  and  constant  (1982) 
dollars.  1972-1987 

(billions  of  dollars) 


Year 

Total 

Pollution 

abatement 

Research 
&  development 

Current  Constant 

Current  Constant 

Current  Constant 

Current  Constant 

1972 

18.1 

43.0 

16.7 

40.3 

0.4 

0.8 

0.8 

1.9 

1973 

21.8 

48.8 

20.4 

45.8 

0.5 

1.0 

0.9 

2.0 

1974 

25.6 

49.8 

24.0 

46.7 

0.6 

1.1 

1.0 

2.0 

1975 

30.2 

53.5 

28.4 

50.4 

0.7 

1.1 

1.1 

2.0 

1976 

33.9 

56.5 

31.9 

53.2 

0.7 

1.2 

1.3 

2.2 

1977 

37.6 

58.7 

35.3 

55.1 

0.8 

1.2 

1.5 

2.3 

1978 

42.7 

62.1 

40.1 

58.3 

1.0 

1.3 

1.7 

2.4 

1979 

48.7 

63.3 

45.9 

59.5 

1.1 

1.4 

1.8 

2.4 

1980 

53.5 

62.1 

50.5 

58.4 

1.3 

1.5 

1.8 

2.1 

1981 

57.5 

60.3 

54.3 

57.0 

1.4 

1.5 

1.8 

1.9 

1982 

57.7 

57.7 

54.5 

54.5 

1.4 

1.4 

1.8 

1.8 

1983 

61.8 

60.0 

58.1 

56.5 

1.4 

1.3 

2.3 

2.3 

1984 

68.9 

64.7 

65.2 

61.3 

1.4 

1.2 

2.3 

2.2 

1985 

74.6 

68.1 

71.0 

64.9 

1.3 

1.1 

2.4 

2.2 

1986 

78.7 

71.3 

74.6 

68.2 

1.5 

1.3 

2.6 

2.3 

1987 

81.1 

71.4 

76.9 

67.8 

1.5 

1.2 

2.7 

2.3 

Fraber,  K.D.  &  G.L.  Rutledge.  1986.  Pollution  abatement  and  control  expenditures. 
Survey  of  Current  Business,  table  9,  pp.  100-103  (July,  1986).  U.S.  Department  of 
Commerce,  Bureau  of  Economic  Analysis.  Washington,  D.C. 


Fraber,  K.D.  &  G.L.  Rutledge.  1989.  Pollution  abatement  and  control  expenditures, 
1984-87.  Survey  of  Current  Business,  table  6,  pp.  24-25  (June,  1989).  U.S.  Depart¬ 
ment  of  Commerce,  Bureau  of  Economic  Analysis.  Washington,  D.C. 

Notes:  Pollution  abatement  and  control  (PAC)  spending  is  for  goods  and  sen/ices 
that  U.S.  residents  use  to  produce  cleaner  air  and  water  and  to  dispose  of  solid 
waste.  PAC  spending  consists  of  expenditures  associated  with  pollution  abatement, 
regulation  and  monitoring,  and  research  and  development.  Totals  may  not  agree  with 
detail  because  of  independent  rounding. 
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Table  8  •* 

Expenditures  for  pollution  abatement,  by  type  of  pollution,  1972-1987 


(billions  of  dollars) 


Air 

Water 

Solid 

waste 

Other 

Year 

Current  Constant 

Current  Constant 

Current  Constant 

Current  Constant 

1972 

5.6 

14.6 

8.5 

19.7 

3.3 

7.1 

-0.4 

-1.1 

1973 

7.3 

17.9 

9.7 

21.3 

3.7 

7.6 

-0.4 

-1.1 

1974 

9.1 

18.3 

11.2 

21.5 

4.3 

7.9 

-0.5 

-1.0 

1975 

11.4 

208 

13.0 

22.8 

4.7 

7.9 

-0.7 

-1.1 

1976 

12.6 

21.7 

14.9 

24.5 

5.2 

8.4 

-0.8 

-1.3 

1977 

14.1 

22.8 

16.1 

24.7 

6.0 

9.1 

-0.9 

-1.4 

1978 

15.7 

23.8 

19.0 

26.6 

6.5 

9.5 

-1.1 

-1.5 

1979 

18.6 

24.5 

20.8 

36.5 

7.8 

10.2 

-1.3 

-1.6 

1980 

21.9 

24.7 

21.3 

24.7 

8.8 

10.7 

-1.5 

-1.7 

1981 

25.1 

25.9 

20.8 

22.0 

10.0 

10.7 

-1.6 

-1.6 

1982 

25.0 

25.0 

21.2 

21.2 

9.6 

9.6 

-1.3 

-1.3 

1983 

26.6 

26.4 

22.4 

21.5 

10.2 

9.7 

-1.2 

-1.2 

1984 

29.6 

28.6 

25.2 

23.3 

11.8 

10.8 

-1.3 

-1.3 

1985 

31.2 

29.7 

27.6 

24.7 

13.1 

11.5 

-1.0 

-1.0 

1986 

31.2 

30.6 

29.7 

26.4 

14.7 

12.3 

-1.0 

-1.1 

1987 

30.1 

28.3 

32.1 

27.9 

16.2 

13.2 

-1.5 

-1.5 

Fraber,  K.D.  &  G.L  Rutledge.  1986.  Pollution  abatement  and  control  expenditures. 
Survey  of  Current  Business,  table  9,  pp.  100-103  (July,  1986).  U.S.  Department  of 
Commerce,  Bureau  of  Economic  Analysis.  Washington,  D.C. 

Fraber,  K.D.  &  G.L.  Rutledge.  1989.  Pollution  abatement  and  control  expenditures, 
1984-87.  Survey  of  Current  Business,  table  6,  pp.  24-25  (June.1989).  U.S.  Depart¬ 
ment  of  Commerce.  Bureau  of  Economic  Analysis.  Washington,  D.C. 

Notes:  Expenditures  are  attributed  to  the  sector  that  performs  the  air  or  water  pollu¬ 
tion  abatement  or  solid  waste  collection  and  disposal.  Other  includes  expenditures 
for  abatement  of  noise,  radiation,  and  pesticide  pollution,  and  business  expenditures 
not  assigned  to  another  media.  Totals  may  not  agree  with  detail  because  of  indepen¬ 
dent  rounding.  ->:less  than. 
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Table  9 

Expenditures  for  pollution  abatement,  for  selected  industries,  1973-1986 
(millions  of  dollars) 


Chemicals  and  allied  products 


Capital  expenditures  I 

Operatina  costs 

Solid 

Solid 

Year 

Total 

Air 

Water 

waste 

Total 

Air 

Water 

waste 

1973 

395.9 

164.4 

214.6 

16.8 

502.3 

174.1 

247.6 

80.2 

1974 

539.2 

250.6 

264.4 

24.1 

643.3 

203.8 

335.6 

104.0 

1975 

780.2 

359.5 

387.7 

35.0 

807.4 

249.9 

430.9 

126.7 

1976 

942.0 

319.8 

577.4 

44.7 

983.5 

295.6 

514.7 

173.2 

1977 

982.5 

339.9 

593.1 

49.6 

1,238.3 

335.5 

685.2 

217.6 

1978 

827.5 

376.3 

385.9 

65.1 

1,473.0 

398.8 

794.1 

280.1 

1979 

770.9 

314.6 

360.7 

95.6 

1,667.5 

485.3 

895.2 

287.0 

1980 

780.7 

325.9 

350.0 

104.8 

1,851.8 

539.9 

942.9 

368.8 

1981 

752.8 

335.0 

322.2 

95.6 

2,047.8 

571.7 

1,069.1 

406.9 

1982 

627.6 

272.8 

256.5 

98.3 

2,106.5 

556.1 

1,112.3 

438.2 

1983 

395.4 

159.0 

187.4 

49.0 

2,198.2 

624.9 

1,106.0 

467.4 

1984 

418.1 

142.9 

212.4 

32.7 

2,345.4 

622.0 

1,206.3 

517.1 

1985 

738.1 

193.7 

271.5 

272.5 

2,540.0 

672.9 

1,267.7 

599.4 

1986 

624.4 

197.8 

325.5 

101.0 

2,654.3 

646.5 

1,301.8 

705.9 

Petroleum  and  coal  products 

1  Capital  expenditures 

1  Operating  costs 

Solid 

Solid 

Year 

Total 

Air 

Water 

waste 

Tota 

Air 

Water 

waste 

1973 

321.8 

222.5 

96.1 

3.2 

337.8 

192.5 

125.4 

19.9 

1974 

462.3 

341.3 

119.7 

1.3 

420.1 

238.3 

153.3 

28.5 

1975 

555.7 

398.2 

155.7 

1.7 

563.1 

339.4 

192.1 

31.7 

1976 

441.4 

236.5 

199.8 

5.2 

774.8 

466.1 

263.3 

45.3 

1977 

368.5 

167.7 

195.6 

5.3 

948.0 

601.3 

289.3 

57.4 

1978 

419.3 

311.2 

100.5 

7.6 

997.4 

636.4 

304.1 

57.0 

1979 

534.3 

397.8 

119.4 

17.1 

1,173.8 

750.7 

370.8 

25.3 

1980 

531.9 

402.3 

114.2 

15.4 

1,418.0 

910.1 

406.9 

101.0 

1981 

590.6 

440.8 

131.7 

18.2 

1,685.5 

1,118.0 

437.2 

130.2 

1982 

712.1 

533.2 

165.7 

13.1 

1,800.8 

1,195.1 

472.0 

133.7 

1983 

485.0 

308.2 

164.7 

12.0 

1,893.7 

1,203.6 

552.3 

137.9 

1984 

311.7 

195.1 

96.8 

19.8 

2,083.5 

1,327.9 

583.8 

171.1 

1985 

290.4 

175.0 

88.4 

27.0 

2,063.4 

1,278.5 

586.5 

198.5 

1986 

424.3 

273.6 

121.5 

29.2 

2,005.2 

1,230.9 

578.0 

196.4 

continued 
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Rubber  and  miscellaneous  plastic  prcxiucts 


1  Operating  costs 

Solid 

Solid 

Year 

Total 

Air  Water  waste 

Total 

Air  Water  waste 

1973 

24.2 

13.5 

7.3 

3.3 

42.6 

12.2 

10.1 

20.4 

1974 

37.9 

22  2 

13.5 

2.2 

58.8 

15.7 

15.1 

28.2 

1975 

31.9 

22.2 

6.6 

3.1 

64.8 

20.7 

18.4 

25.7 

1976 

37.4 

24.2 

10.0 

3.1 

80.3 

22.3 

24.0 

34.0 

1977 

36.6 

17.4 

13.8 

5.4 

73.8 

19.8 

18.9 

35.1 

1978 

27.7 

18.7 

5.5 

3.4 

84.9 

17.7 

23.9 

43.3 

1979 

25.1 

12.9 

9.3 

2.9 

111.7 

32.2 

29.6 

49.9 

1980 

21.7 

12.6 

6.9 

2.3 

108.2 

30.4 

27.6 

50,2 

1981 

21.8 

15.3 

5.9 

6.5 

118.3 

29.8 

29.4 

58  8 

1982 

25.2 

14.8 

7.7 

2.7 

90.2 

22.2 

28  2 

39.8 

1983 

23.6 

12.0 

3.8 

7.8 

165.8 

50.9 

52  8 

62.0 

1984 

33.4 

20.5 

7.0 

5.8 

168.0 

51.1 

48.7 

68.1 

1985 

29.7 

21.3 

3.2 

5,2 

193,1 

46.7 

55.6 

90,8 

1986 

36.0 

20.1 

9.7 

6  2 

226.2 

50.9 

52.0 

123  3 

Stone,  clay,  and  glass  products 


Year 

1  Operating  costs 

Total 

Air 

Water 

Solid 

waste 

Total 

Air 

Water 

Solid 

waste 

1973 

150.7 

131.6 

14.4 

4.7 

117.0 

73.7 

16.4 

27.0 

1974 

208.8 

1858 

13.1 

10.0 

152.9 

98.7 

24.7 

29  4 

1975 

173.5 

152.7 

16.7 

4.1 

171.8 

109.7 

28.3 

33.8 

1976 

104.7 

82.2 

18.9 

3.6 

192.1 

122.8 

30.3 

39.0 

1977 

133.4 

858 

39.1 

8.6 

214.5 

141.7 

28.0 

44.5 

1978 

123.8 

98,1 

28.0 

3.7 

251.1 

163.7 

33,2 

54.2 

1979 

145.6 

110.2 

25.4 

10.0 

293.6 

188.0 

45.1 

60.5 

1980 

1,510.0 

123.1 

17.9 

10.0 

301,7 

1,821.1 

48.2 

71.4 

1981 

188.5 

165.5 

13.8 

9.2 

310.7 

191.0 

47.3 

72.5 

1982 

105.2 

84.9 

14.0 

6.3 

260.2 

142.8 

44.0 

39.8 

1983 

95.9 

57.9 

9.8 

28  2 

320.4 

179.9 

55.8 

84.6 

1984 

84  0 

65.6 

13.1 

5.2 

377.9 

215.0 

64.2 

98.7 

1985 

61.9 

44.4 

9.9 

7.5 

393.2 

217.2 

66.7 

109.3 

1986 

84.4 

53.1 

13.7 

17.6 

4236 

237.0 

68  2 

1183 
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Table  9  (continued) 


Year 

1  Primary  metal  industries 

1  Capital  expenditures  I 

1  Operating  costs 

Total 

Air 

Water 

Solid 

waste 

Total 

Air 

Water 

Solid 

waste 

1973 

498.6 

397.2 

84.7 

16.8 

466.8 

264.7 

148.3 

53.8 

1974 

646.8 

5.1 

132.7 

12.5 

590.2 

339.6 

181.2 

69.5 

1975 

833.5 

640.6 

187.5 

5.4 

715.2 

429.9 

209.4 

75.9 

1976 

833.7 

632.5 

197.8 

575.7 

229.5 

90.7 

24.0 

34.0 

1977 

874.6 

616.0 

250.2 

8.4 

1,122.3 

721.6 

268.3 

132.3 

1978 

791.8 

563.3 

219.1 

9.4 

1,321.4 

809.6 

333.0 

178.9 

1979 

823.1 

588.8 

227.3 

6.9 

1,587.2 

981.7 

442.0 

163.5 

1980 

740.0 

539.7 

180.7 

19.6 

1,677.3 

998.2 

463.2 

215.3 

1981 

728.2 

567.2 

144.1 

16.9 

1,911.8 

1,111.9 

549.2 

250.7 

1982 

569.8 

423.1 

133.7 

13.0 

1,513.6 

897.2 

448.4 

167.6 

1983 

225.3 

147.6 

100.2 

7.5 

1,615.6 

904.3 

454.6 

256.7 

1984 

274.0 

175.2 

72.9 

26.0 

1,769.7 

1017.3 

450.7 

301.7 

1985 

252.9 

142.9 

84.3 

25.6 

1,863.0 

1067.0 

517.4 

278.7 

1986 

225.9 

102.8 

74.6 

48.4 

1,721.9 

968.5 

509.4 

264.1 

Fabricated  metal  products 


1  Capital  expenditures  | 

1  Operating  costs 

Solid 

Solid 

Year 

Total 

Air  Water  waste 

Total 

Air  Water  waste 

1973 

63.7 

39.6 

1974 

90.5 

56.4 

1975 

77.5 

46.9 

1976 

72.9 

35.5 

1977 

76.7 

32.5 

1978 

61.6 

33.1 

1979 

66.1 

36.7 

1980 

76.4 

37.5 

1981 

75.7 

37.5 

1982 

95.9 

57.9 

1983 

70.6 

27.0 

1984 

125.3 

25.2 

1985 

116.9 

40.4 

1986 

135.8 

36.7 

21.5 

2.7 

84.8 

28.2 

5.9 

110.1 

29.0 

1.7 

109.5 

34.1 

3.4 

124.3 

39.2 

5.0 

149.2 

26.2 

2.3 

168.7 

24.5 

4.9 

220.9 

34.8 

4.2 

219.2 

30.4 

7.6 

230.5 

43.3 

6.7 

223.5 

32.9 

10.6 

366.3 

82.5 

17.6 

348.5 

59.7 

16.8 

408.1 

80.9 

18.2 

502.5 

27.0 

35.7 

22.2 

34.5 

44.9 

30.7 

32.6 

45.7 

31.3 

35.4 

52.7 

36.1 

40.3 

66.1 

42.8 

42.1 

73.8 

52.8 

57.0 

99.7 

64.2 

49.0 

88.2 

81.9 

51.6 

93.4 

85.0 

48.6 

103.4 

71.5 

81.9 

137.8 

146.6 

64.9 

128.2 

155.4 

79.4 

163.2 

165.5 

95.6 

187.7 

219.2 

continued 
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Table  9  (continued) 

1  Machinery,  except  electrical 

1  Capital  expenditures  I 

Solid 

Solid 

Year 

Total 

Air 

Water 

waste 

Total 

Air 

Water 

waste 

1973 

56.3 

36.6 

15.6 

4.1 

72.5 

19.7 

23.0 

29.9 

1974 

67.7 

41.9 

17.6 

8.1 

91.7 

24.3 

29.1 

38.2 

1975 

60.5 

37.5 

20.8 

2.3 

98.0 

28.4 

33.7 

36.0 

1976 

69.4 

44.8 

21.8 

2.9 

117.9 

30.8 

37.7 

49.6 

1977 

90.2 

42.3 

42.4 

5.5 

135.4 

33.1 

49.8 

52.6 

1978 

81.5 

41.2 

27.8 

12.6 

158.8 

41.0 

54.4 

63.1 

1979 

84.5 

38.5 

38.2 

7.8 

200.2 

50.1 

69.0 

81.1 

1980 

74.5 

34.0 

34.9 

5.6 

206.4 

48.0 

73.0 

85.3 

1981 

67.1 

30.9 

28.0 

8.2 

220.9 

47.3 

81.6 

91.7 

1982 

78.2 

29.2 

42.2 

6.8 

207.6 

46.6 

85.3 

75.7 

1983 

51.0 

17.7 

19.0 

14.3 

290.5 

58.0 

105.0 

127.5 

1984 

43.1 

22.6 

6.7 

314.4 

68.4 

115.7 

130.3 

301.7 

1985 

69.0 

21.2 

35.1 

12.7 

344.0 

76.0 

119.9 

147.7 

1986 

48.7 

16.7 

25.7 

6.3 

358.8 

81.4 

128.3 

149.1 

Electric,  electronic  equipment 


Year 

1  Capital  expenditures  | 

Total 

Air 

Water 

Solid 

waste 

Total 

Air 

Water 

Solid 

waste 

1973 

52.7 

27.0 

22.2 

3.5 

87.2 

20.2 

38.9 

28.1 

1974 

55.6 

24.6 

28.0 

3.1 

88.6 

22.7 

39.8 

26.2 

1975 

52.3 

22.7 

26.2 

3.3 

97.3 

27.6 

43.1 

26.7 

1976 

58.4 

23.0 

31.3 

4.1 

109.9 

26.8 

50.8 

32.3 

1977 

63.8 

23.0 

36.0 

4.9 

128.1 

28.0 

63.2 

37.1 

1978 

72.2 

32.9 

36.0 

3.3 

148.6 

30.7 

71.7 

46.1 

1979 

90.9 

41.8 

42.0 

7.1 

182.3 

46.7 

82.8 

52.8 

1980 

79.0 

43.5 

27.1 

8.4 

205.0 

45.2 

87.8 

71.9 

1981 

97.1 

48.7 

41.0 

7.4 

247.1 

51.8 

106.2 

88.8 

1982 

105.9 

58.1 

40.9 

6.9 

260.2 

55.1 

116.6 

88.7 

1983 

97.0 

43.8 

45.1 

8.0 

353.8 

77.3 

142.0 

134.5 

1984 

112.4 

38.3 

59.5 

14.6 

364.0 

74.6 

150.3 

139.1 

1985 

137.7 

45.4 

74.1 

18.3 

428.2 

78.0 

174.0 

176.3 

1986 

125.1 

46.6 

61.5 

17.0 

530.8 

88.3 

210.9 

231.5 

continued 
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Table  9  (continued) 

1  Transportation  equipment 

Solid 

Solid 

Year 

Total 

Air 

Water 

waste 

Total 

Air 

Water 

waste 

1973 

101.2 

52.6 

41.7 

6.9 

129.8 

35.2 

51.1 

43.4 

1974 

103.4 

52.7 

41.5 

9.2 

154.8 

44.8 

59.5 

50.5 

1975 

75.4 

32.1 

36.4 

6.8 

168.3 

52.2 

66.4 

49.7 

1976 

78.5 

21.1 

53.6 

3.8 

197.9 

56.9 

83.5 

57.6 

1977 

82.6 

36.9 

39.4 

6.3 

233.9 

60.6 

97.3 

76.1 

1978 

139.5 

71.0 

57.9 

10.7 

280.5 

77.3 

110.2 

93.0 

1979 

189.5 

120.1 

59.5 

99.9 

331.8 

96.4 

126.3 

109.1 

1980 

275.0 

201.4 

60.7 

12.9 

401.5 

110.7 

137.4 

153.2 

1981 

283.3 

209.2 

60.0 

14.2 

426.1 

117.5 

150.7 

157.7 

1982 

108.3 

59.7 

36.5 

12.1 

396.5 

105.6 

153.5 

137.6 

1983 

98.3 

33.0 

55.0 

10.2 

560.3 

157.5 

224.2 

178.6 

1984 

207.6 

71.3 

116.9 

19.4 

685.6 

192.9 

280.1 

212.6 

1985 

456.5 

254.5 

165.1 

36.9 

738.8 

194.5 

283.9 

260.3 

1986 

541.1 

432.4 

81.8 

26.8 

839.0 

195.7 

338.5 

304.9 

Year 

1  Instruments  and  related  products 

1  Capital  expenditures  I 

Total 

Air 

Water 

Solid 

waste 

Total 

Air 

Water 

Solid 

waste 

1973 

11.8 

3.0 

5.6 

3.2 

21.9 

2.0 

11.3 

8.6 

1974 

15.7 

3.6 

6.7 

5.5 

34.1 

4.9 

15.0 

14.3 

1975 

29.6 

11.2 

17.3 

1.1 

38.5 

5.9 

19.5 

13.2 

1976 

32.3 

10.9 

12.2 

9.3 

45.7 

8.7 

22.3 

14.8 

1977 

24.4 

14.5 

8.5 

1.4 

47.3 

9.0 

23.0 

15.4 

1978 

16.9 

6.8 

9.5 

0.6 

55.8 

7.3 

26.9 

21.6 

1979 

23.2 

13.0 

7.7 

2.5 

69.2 

10.6 

30.7 

27.9 

1980 

27.2 

11.3 

12.7 

3.2 

77.1 

11.3 

33.7 

32.1 

1981 

40.1 

14.4 

23.7 

2.1 

90.4 

12.8 

40.0 

37.9 

1982 

30.0 

18.7 

9.8 

1.4 

80.2 

12.9 

33.9 

33.3 

1983 

21.1 

10.4 

9.5 

1.2 

163.8 

25.0 

53.9 

85.0 

1984 

23.7 

10.9 

11.1 

1.7 

161.9 

23.6 

67.3 

70.8 

1985 

24.8 

13.8 

7.8 

3.1 

165.1 

24.2 

71.8 

69.1 

1986 

18.8 

10.8 

5.1 

2.9 

164.4 

19.9 

78  6 

66.0 

continued 
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\APPENDIX  E:  ENVIRONMENTAL  DATA  &  TRENDS 


Table  9  (continued) 


Food  and  kindred  products 


1  Capital  expenditures  I 

1  Operating  costs 

Solid 

Solid 

Year 

Total 

Air  Water  waste 

Total 

Air  Water  waste 

1973 

196.7 

77.6 

1974 

199.2 

73.4 

1975 

180.9 

75.6 

1976 

207.5 

102.5 

1977 

183.9 

67.9 

1978 

175.0 

67.7 

1979 

182.7 

57.9 

1980 

208.2 

61.7 

1981 

173.5 

53.9 

1982 

169.3 

47.4 

1983 

153.8 

37.7 

1984 

154.5 

50.6 

1985 

155.1 

66.2 

1986 

185.8 

61.9 

104.8 

14.3 

203.1 

111.7 

14.3 

268.9 

93.9 

11.4 

294.2 

97.6 

7.4 

345.9 

103.6 

12.5 

357.1 

94.4 

12.9 

412.0 

111.1 

13.6 

504.2 

133.0 

13.5 

519.4 

104.8 

14.8 

579.1 

110.9 

11.0 

522.1 

105.1 

10.9 

649.6 

91.8 

12.2 

714.4 

77.4 

11.7 

832.1 

108.2 

15.7 

932.1 

39.1 

110.4 

53.6 

48.8 

143.5 

76.8 

53.2 

153.7 

87.7 

57.7 

187.5 

100.5 

56.2 

211.6 

89.5 

69.4 

243.2 

99.4 

91.0 

297.9 

115.3 

81.6 

314.3 

123.6 

78.3 

343.3 

157.5 

77.1 

328.1 

116.2 

96.1 

402.3 

151.3 

101.3 

458.1 

155.0 

106.3 

525.2 

201.0 

126.0 

559.9 

246.1 

Year 

Textile  mill  products 

Capital  expenditures 

Operating  costs 

Total 

Air 

Water 

Solid 

waste 

Total 

Air 

Water 

Solid 

waste 

1973 

29.2 

10.3 

17.7 

1.2 

38.8 

6.3 

23.5 

9.0 

1974 

32.0 

12.7 

17.7 

1.7 

54.0 

9.4 

31.3 

13.3 

1975 

43.0 

19.7 

22.2 

1.1 

50.7 

9.4 

29.4 

12.0 

1976 

53.3 

9.2 

42.6 

1.6 

65.3 

9.2 

41.8 

14.3 

1977 

36.7 

20.7 

14.7 

1.4 

75.0 

10.9 

46.4 

-31.0 

1978 

59.7 

42.7 

15.4 

1.6 

92.5 

19.0 

51.6 

21.9 

1979 

39.2 

21.9 

15.2 

2.1 

101.7 

19.0 

60.2 

22.5 

1980 

59.5 

32.5 

23.6 

3.5 

115.8 

16.6 

59.3 

39.9 

1981 

48.0 

27.2 

16.2 

4.6 

108.5 

18.9 

60.2 

29.4 

1982 

22.0 

12.2 

6.2 

3.6 

74.7 

14.8 

41.4 

18.3 

1983 

18.7 

9.4 

8.4 

0.9 

101.1 

21.3 

54.5 

25.4 

1984 

20.9 

12.8 

6.3 

1.8 

122.2 

25.8 

68.4 

28.0 

1985 

24.7 

12.2 

10.3 

2.1 

148.9 

30.9 

82.6 

35.4 

1986 

25.5 

12.3 

10.5 

2.6 

161.6 

28.5 

94.9 

38.2 

continued 
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Table  9  (continued) 


Lumber  and  wood  products 

II  mil  III  II II 'III  — 

1  Operating  costs 

Solid 

Solid 

Year 

Total 

Air 

Water 

waste 

Total 

Air 

Water  ^ 

waste 

1973 

62.7 

41.5 

11.7 

9.6 

61.6 

14.9 

18.5 

28.2 

1974 

81.1 

58.4 

7.6 

15.0 

64.2 

19.5 

14.0 

30.8 

1975 

75.1 

46.4 

7.7 

21.0 

70.5 

22.7 

19.6 

28.3 

1976 

51.1 

29.5 

9.2 

12.5 

81.3 

26.6 

21.1 

33.6 

1977 

59.9 

33.9 

19.1 

6.9 

73.4 

20.4 

19.2 

33.9 

1978 

84.5 

46.9 

25.6 

12.0 

90.7 

27.7 

19.4 

43.7 

1979 

93.6 

67.5 

12.3 

13.8 

115.4 

40.2 

25.5 

49.7 

1980 

81.5 

55.8 

15.6 

10.1 

129.1 

39.6 

32.9 

56.4 

1981 

78.5 

49.2 

10.5 

18.8 

134.7 

43.2 

26.9 

64.6 

1982 

33.2 

20.0 

11.7 

1.5 

87.1 

26.4 

23.4 

37.3 

1983 

25.2 

18.0 

4.0 

3.2 

102.8 

31.1 

27.8 

43.9 

1984 

48.5 

24.1 

18.8 

5.7 

114.2 

41.2 

30.7 

42.4 

1985 

34.5 

15.2 

6.3 

13.0 

139.1 

41.8 

35.3 

62.0 

1986 

33.3 

17.8 

11.0 

4.6 

178.9 

61.7 

42.6 

74.7 

1  Paper  and  allied  products 

1  Operating  costs 

Solid 

1 

Solid 

Year 

Total 

Air 

Water 

waste 

Total 

Air 

Water 

waste 

1973 

339.6 

166.4 

161 

12.1 

220.5 

59.2 

118.1 

43.2 

1974 

476.9 

270.8 

193.2 

12.9 

289.0 

81.2 

152.0 

55.7 

1975 

605.3 

323.0 

266.0 

16.3 

344.0 

100.9 

185.5 

57.5 

1976 

486.6 

180.6 

278.6 

27.3 

430.3 

123.3 

239.1 

67.3 

1977 

427.4 

134.1 

261.7 

31.6 

529.0 

133.5 

309.0 

86.4 

1978 

341.6 

123.9 

189.0 

28.7 

622.0 

158.4 

357.6 

105.6 

1979 

426.4 

207.0 

180.6 

38.8 

698.2 

176.6 

400.5 

121.1 

1980 

339.6 

197.4 

111.2 

31.0 

762.1 

196.2 

436.7 

129.1 

1981 

285.5 

168.0 

86.5 

31.1 

829.7 

211.8 

469.9 

148.0 

1982 

313.4 

190.0 

93.7 

29.7 

796.0 

206.7 

455.2 

0.0 

1983 

216.1 

122.3 

65.9 

27.9 

919.1 

226.5 

508.9 

183.6 

1984 

262.3 

151.9 

68.2 

42.1 

1,060.1 

280.7 

566.1 

213.2 

1985 

332.4 

190.9 

106.0 

35.6 

1,120.8 

313.0 

573.4 

234.4 

1986 

271.3 

137.1 

96.9 

37.3 

1,154.6 

319.2 

565.7 

269.7 

Source:  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Pollution  abatement 
costs  and  expenditures,  annual.  Current  industrial  reports,  MA-200.  Washington,  D.C. 


Notes:  Statistics  cover  manufacturing  establishments  with  20  employees  or  more. 
Capital  expenditures  are  new  capital  expenditures  for  pollution  abatement.  Operating 
costs  are  related  to  pollution  abatement  activities  (including  payments  to  govern¬ 
ment  for  the  costs  of  pollution  removal).  Totals  may  not  agree  because  of  independent 
rounding. 
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APPENDIX  E:  ENVIRONMENTAL  DATA  &  TRENDS 


Table  10 

Environmental  Impact  Statements  filed,  by  agency,  1979-1989 


Federal  Year 


Agencies 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Agriculture 

172 

104 

102 

89 

59 

65 

117 

118 

75 

68 

101 

Commerce 

54 

53 

36 

25 

14 

24 

10 

8 

9 

3 

5 

Defense 

1 

1 

1 

1 

1 

0 

0 

0 

2 

4 

1 

Air  Force 

8 

3 

7 

4 

6 

5 

7 

8 

9 

3 

12 

Army 

40 

9 

14 

3 

6 

5 

5 

2 

10 

3 

11 

COE 

182 

150 

186 

127 

119 

116 

106 

91 

76 

69 

47 

Navy 

11 

9 

10 

6 

4 

9 

8 

13 

9 

6 

4 

Energy 

28 

45 

21 

24 

19 

14 

4 

13 

11 

16 

12 

EPA 

84 

71 

96 

63 

67 

42 

16 

18 

19 

23 

24 

GSA 

13 

11 

13 

8 

1 

0 

4 

0 

1 

3 

0 

HUD 

170 

140 

140 

93 

42 

13 

15 

18 

6 

0 

2 

ICC 

8 

5 

2 

2 

2 

1 

2 

1 

2 

0 

0 

Interior 

126 

131 

107 

127 

146 

115 

105 

98 

110 

120 

65 

NRC 

19 

17 

47 

31 

11 

11 

8 

4 

3 

2 

3 

Transportation 

277 

189 

221 

183 

169 

147 

126 

110 

101 

91 

77 

TVA 

9 

6 

4 

- 

2 

1 

0 

1 

0 

0 

0 

Other 

71 

22 

26 

22 

9 

9 

16 

18 

12 

17 

28 

Total 

1,273 

966 

1,033 

808 

677 

577 

549 

521 

455 

428 

392 

Source;  U  S.  Environmental  Protection  Agency,  Office  of  Federal  Activities,  unpublish¬ 
ed  data.  Washington,  D.C. 


Notes;  Years  refer  to  calendar  years.  Number  of  Environmental  Impact  Statements 
(EISs)  includes  draft  EISs,  EIS  supplements,  and  Final  EISs  filed  during  the  specified 
year.  Some  proposed  projects  may  have  several  draft  and  final  EISs  filed  over  a  period 
of  years.  HUD=Department  of  Housing  and  Urban  Development.  EPA=U.S.  Environmen 
al  Protection  Agency.  GSA=General  Services  Administration.  ICC-Interstate  Commerce 
Commission.  NRC=Nuclear  Regulatory  Commission.  TVA=Tennessee  Valley  Authority. 
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1  19  70 

E\'\ 

I  RON  MENTAL 

QUALITY 

1990  1 

Table  1 1 

U.S.  mine  ore  and  waste  production,  1960-1987 

(billion  metric  tons) 

Metal 

Metal 

Nonmetal 

Nonmetal 

Year 

crude  ore 

waste 

crude  ore 

waste 

1960 

0.382 

0.468 

1.461 

0.214 

1961 

0.384 

0.383 

1.506 

0.172 

1962 

0.383 

0.400 

1.497 

0.204 

1963 

0.390 

0.426 

1.551 

0.239 

1964 

0.415 

0.419 

1.633 

0.253 

1965 

0.433 

0.464 

1.751 

0.271 

1966 

0.454 

0.582 

1.823 

0.336 

1967 

0.387 

0.568 

1.805 

0.365 

1968 

0.436 

0.662 

1.769 

0.377 

1969 

0.490 

0.865 

1.887 

0.342 

1970 

0.532 

0.885 

1.896 

0.395 

1971 

0.508 

0.925 

1.860 

0.406 

1972 

0.523 

0.980 

1.905 

0.381 

1973 

0.594 

1.170 

2.105 

0.380 

1974 

0.569 

1.107 

2.087 

0.384 

1975 

0.552 

1.070 

1.805 

0.343 

1976 

0.586 

1.143 

1.887 

0,362 

1977 

0.512 

0.953 

1.996 

0,434 

1978 

0.570 

0.925 

2.186 

0,519 

1979 

0.611 

1.234 

2.214 

0.535 

1980 

0.542 

1.080 

1.941 

0.562 

1981 

0.611 

0.971 

1.107 

0.535 

1982 

0.391 

0.625 

0.816 

0.334 

1983 

0.387 

0.512 

1.025 

0.141 

1984 

0.432 

0.566 

0,998 

0.260 

1985 

0.416 

0.461 

1.198 

0.410 

1986 

0.426 

0.564 

1.052 

0.345 

1987 

0.483p 

0.754P 

1.370P 

1.161P 

Source:  U.S.  Department  of  the  Interior,  Bureau  of  Mines.  Minerals  Yearbook,  annual. 
Washington,  D.C. 


Note:  p=preliminary. 
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APPENDIX  E:  ENVIRONMENTAL  DATA  &  TRENDS 


Table  12 

Surface  mining  reclamation,  1965-1986 

(acres) 

Year 

Total  land 
reclaimed 

1  Year 

Total  land 
reclaimed 

1965-1972 

676,500 

■ 

981 

129,746 

1972-1974 

52,300 

■ 

982 

198,351 

1974-1977 

22,203 

983 

172,528 

1978 

47,106 

984 

239,285 

1979 

105,135 

985 

201,718 

1980 

126,917 

■ 

986 

168,592 

Source:  1965-1977:  U.S.  Department  of  Agriculture,  Soil  Conservation  Ser¬ 
vice.  1979.  The  status  of  land  disturbed  by  mining  in  the  United  States:  Basic 
statistics  by  State  and  County  as  of  July  1977,  pp.  3,4,1 1.  Washington,  D.C. 


1978-1986:  U.S.  Department  of  the  Interior,  Office  of  Surface  Mining  Reclama¬ 
tion  and  Enforcement.  1987.  Surface  coal  mining  reclamation:  10  years  of  pro¬ 
gress,  1977-1987,  table  3,  pp.  44-45.  Washington,  D.C. 

U.S.  Department  of  the  Interior,  Office  of  Surface  Mining  Reclamation  and  En¬ 
forcement.  1987.  The  abandoned  mine  program:  1977-1987,  p.  25.  Washing¬ 
ton,  DC. 

Notes:  Data  for  1965-1986  are  not  strictly  comparable  because  of  different 
methods  of  data  collection.  Data  for  1965-1977  refer  to  reclamation  of  surface 
coal,  sand  and  gravel,  and  other  mined  areas  and  were  compiled  from  national 
inventories.  Data  for  1978-1986  refer  to  acreages  of  surface  coal  mined  areas 
released  from  reclamation  bonds  after  reclamation  was  completed.  In  addition 
to  data  reported  above,  5,600  abandoned  mine  sites,  encompassing  55,615 
acres  across  the  Nation,  have  been  reclaimed  since  1977. 
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Table  13 

U.S.  energy  production,  by  source,  1950-1990 
(Quadrillion  Btu) 


Year 

Coal 

Natural 

gas 

Crude  oil 

&  NGPL 

Hydro¬ 

electric 

Nuclear 

Other 

Total 

1950 

14.06 

6.23 

12.27 

1.42 

0.00 

0.010 

33.98 

1955 

12.37 

9.34 

15.65 

1.36 

0.00 

<0.005 

38.73 

1960 

10.82 

12.66 

16.39 

1.61 

0.01 

<0.005 

41.49 

1961 

10.45 

13.10 

16.76 

1.66 

0.02 

<0.005 

41.99 

1962 

10.90 

13.72 

17.11 

1.82 

0.03 

<0.005 

43.58 

1963 

11.85 

14.51 

17.68 

1.77 

0.04 

<0.005 

45.85 

1964 

12.52 

15.30 

17.96 

1.89 

0.04 

<0.005 

47.72 

1965 

13.06 

15.78 

18.40 

2.06 

0.04 

<0.005 

49.34 

1966 

13.47 

17.01 

19.56 

2.06 

0.06 

<0.005 

52.17 

1967 

13.83 

17.94 

20.83 

2.35 

0.09 

0.010 

55.04 

1968 

13.61 

19.07 

21.63 

2.35 

0.14 

0.010 

56.81 

1969 

13.86 

20.45 

21.98 

2.65 

0.15 

0.010 

59.10 

1970 

14.61 

21.67 

22.91 

2.63 

0.24 

0.010 

62.07 

1971 

13.19 

22.28 

22.57 

2.82 

0.41 

0.010 

61.29 

1972 

14.09 

22.21 

22.64 

2.86 

0.58 

0.030 

62.42 

1973 

13.99 

22.19 

22.06 

2.86 

0.91 

0.040 

62.06 

1974 

14.07 

21.21 

21.04 

3.18 

1.27 

0.050 

60.84 

1975 

14.99 

19.64 

20.10 

3.15 

1.90 

0.070 

59.86 

1976 

15.65 

19.48 

19.59 

2.98 

2.11 

0.080 

59.89 

1977 

15.76 

19.57 

19.78 

2.33 

2.70 

0.090 

60.22 

1978 

14.91 

19.49 

20.68 

2.94 

3.02 

0.060 

61.10 

1979 

17.54 

20.08 

20.39 

2.93 

2.78 

0.090 

63.80 

1980 

18.60 

19.91 

20.50 

2.90 

2.74 

0.110 

64.76 

1981 

18.38 

19.70 

20.46 

2.76 

3.01 

0.120 

64.42 

1982 

18.64 

18.25 

20.50 

3.27 

3.13 

0.100 

63.89 

1983 

17.25 

16.53 

20.57 

3.53 

3.20 

0.130 

61.19 

1984 

19.72 

17.93 

21.12 

3.35 

3.55 

0.170 

65.81 

1985 

19.33 

16.91 

21.23 

2.94 

4.15 

0.210 

64.76 

1986 

19.51 

16.47 

20.53 

3.02 

4.47 

0.230 

64.25 

1987 

20.12 

16.87 

19.82 

2.59 

4.92 

0.250 

64.55 

1988 

20.94 

17.19 

19.52 

2.32 

5.68 

0.240 

65.88 

1990 

21.60p 

17.80P 

17.90p 

na 

5.90p 

na 

69.90p 

Source;  U.S.  Depairtment  of  Energy,  Energy  Information  Administration.  1989.  An¬ 
nual  energy  review  1988,  table  2,  p.  9.  CX)E/EIA-0384(88).  Washington,  D.C. 

U.S.  Department  of  Energy,  Energy  Information  Administration.  1990.  Annual  energy 
outlook  1990  with  projections  to  2010,  table  A2,  p.  41.  DOE/EIA-0383(90).  Washing¬ 
ton,  D.C. 

Notes;  NGPL=  Natural  gas  plant  liquids.  Other  includes  electricity  produced  from 
geothermal,  wood,  waste,  wind,  photovoltaic,  and  solar  thermal  sources.  p=projected. 
na=not  available. 
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Table  14 

U.S.  coal  production,  by  rank  and  source,  1900-1988 
(million  metric  tons) 


Rank _  _ Source 


Year 

Bituminous 

Sub- 

bituminous 

Lignite 

Anthracite 

Under¬ 

ground 

Surface 

1900 

192.57 

0.00 

0.00 

52.03 

0.00 

0.00 

1905 

285.76 

0.00 

0.00 

70.44 

0.00 

0.00 

1910 

378.32 

0.00 

0.00 

76.63 

0.00 

0.00 

1915 

401.46 

0.00 

0.00 

80.72 

475.04 

0.00 

1920 

515.78 

0.00 

0.00 

81.27 

580.72 

9.90 

1925 

471.69 

0.00 

0.00 

56.07 

508.22 

16.73 

1930 

424.05 

0.00 

0.00 

62.93 

464.94 

20.30 

1935 

337.74 

0.00 

0.00 

47.31 

356.01 

26.18 

1940 

417.92 

0.00 

0.00 

46.70 

416.42 

44.91 

1945 

523.90 

0.00 

0.00 

49.83 

455.78 

108.88 

1950 

468.29 

i 

i 

39.98 

381.85 

126.42 

1955 

421.42 

i 

i 

23.77 

324.67 

120.52 

1960 

376.87 

i 

i 

17.07 

265.37 

128.56 

1965 

464.46 

i 

i 

13.48 

306.53 

171.42 

1970 

524.67 

14.90 

7.29 

882 

308.86 

246.82 

1975 

523.81 

46.35 

17.97 

5.63 

266.17 

327.58 

1980 

570.29 

133.98 

42.77 

5.49 

306.12 

446.42 

1985 

556.92 

174.82 

65.68 

4.26 

318.24 

483.35 

1988 

583.11 

199.26 

77.49 

3.15 

344.34 

518.67 

Source:  Bureau  of  the  Census.  1976.  Historical  statistics  of  the  United  States;  Colon¬ 
ial  times  to  1970,  series  M  93,  94,  95,  123, 124,  125.  Washington,  D.C. 

U.S.  Department  of  Energy,  Energy  Information  Administration.  1989.  Annual  energy 
review  1988,  table  77,  p.  179.  DOE/EIA-0384(88).  Washington,  D.C. 

Note:  i>included  in  bituminous  coal. 
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Table  15 

U.S.  petroleum  production,  1940-1990 


(million  barrels  per  day) 


Year 

Crude 

oil 

Natural 
gas  plant 
liquids 

Year 

Crude 

oil 

Natural 
gas  plant 
liquids 

1940 

3.707 

0.153 

1966 

8.295 

1.284 

1941 

3.842 

0.222 

1967 

8.810 

1.409 

1942 

3.799 

0.227 

1968 

9.121 

1.508 

1943 

4.125 

0.241 

1969 

9.238 

1.590 

1944 

4.597 

0.274 

1970 

9.637 

1.660 

1945 

4.695 

0.307 

1971 

9.463 

1.693 

1946 

4.751 

0.318 

1972 

9.467 

1.749 

1947 

5.088 

0.362 

1973 

9.208 

1.738 

1948 

5.535 

0.403 

1974 

8.774 

1.688 

1949 

5.046 

0.430 

1975 

8.375 

1.633 

1950 

5.407 

0.499 

1976 

8.154 

1.608 

1951 

6.158 

0.561 

1977 

8.245 

1.618 

1952 

6.274 

0.612 

1978 

8.707 

1.567 

1953 

6.458 

0.654 

1979 

8.552 

1.584 

1954 

6.342 

0.691 

1980 

8.600 

1.577 

1955 

6.807 

0.771 

1981 

8.572 

1.609 

1956 

7.171 

0.802 

1982 

8.649 

1.550 

1957 

7.170 

0.808 

1983 

8.688 

1.559 

1958 

6.710 

0.808 

1984 

8.880 

1.634 

1959 

7.054 

0.879 

1985 

8.970 

1.610 

1960 

7.055 

0.932 

1986 

8.680 

1.550 

1961 

7.183 

0.991 

1987 

8.350 

1.600 

1962 

7.332 

1.021 

1988 

8.130 

1.620 

1963 

7.542 

1.098 

1989 

7.670p 

1.600p 

1964 

7.635 

1.157 

1990 

7.370p 

1.620p 

1965 

7.804 

1.210 

Source:  Bureau  of  the  Census.  1976.  Historical  statistics  of  the  United  States:  Colon¬ 
ial  times  to  1970,  series  M  143, 138.  Washington,  D.C. 


U.S.  Department  of  Energy,  Energy  Information  Administration.  1989.  Annual  energy 
review  1988,  table  48,  p.  113.  DOE/EIA-0384(88).  Washington,  D.C. 

U.S.  Department  of  Energy,  Energy  Information  Administration.  1990.  Annual  energy 
outlook  1990  with  projections  to  2010,  table  A3,  p.  42.  DOE/EIA-0383(90).  Washing¬ 
ton,  D.C. 

Notes:  Crude  oil  includes  lease  condensate,  p^^projected. 
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Table  16 

U.S.  natural  gas  production,  1900-1990 
(trillion  cubic  feet) 

Weii  will 


Year 

production 

Year 

production 

Year 

production 

1900 

0.128 

1931 

1.722 

1962 

13.880 

1901 

0.180 

1932 

1.594 

1963 

14.750 

1902 

0.206 

1933 

1.597 

1964 

15.550 

1903 

0.239 

1934 

1.816 

1965 

16.040 

1904 

0.257 

1935 

1.969 

1966 

17.207 

1905 

0.320 

1936 

2.225 

1967 

18.171 

1906 

0.389 

1937 

2.473 

1968 

19.322 

1907 

0.407 

1938 

2.358 

1969 

20.698 

1908 

0.402 

1939 

2.538 

1970 

21.921 

1909 

0.481 

1940 

2.734 

1971 

22.490 

1910 

0.509 

1941 

2.894 

1972 

22.530 

1911 

0.513 

1942 

3.146 

1973 

22.650 

1912 

0.562 

1943 

3.516 

1974 

21.600 

1913 

0.582 

1944 

3.815 

1975 

20.110 

1914 

0.592 

1945 

4.042 

1976 

19.950 

1915 

0.629 

1946 

4.153 

1977 

20.030 

1916 

0.753 

1947 

4.582 

1978 

19.970 

1917 

0.795 

1948 

5.148 

1979 

20.470 

1918 

0.721 

1949 

5.420 

1980 

20.180 

1919 

0.746 

1950 

6.282 

1981 

19.960 

1920 

0.812 

1951 

7.457 

1982 

18.520 

1921 

0.674 

1952 

8.013 

1983 

16.820 

1922 

0.776 

1953 

8.397 

1984 

18.230 

1923 

1.025 

1954 

8.743 

1985 

17.200 

1924 

1.162 

1955 

9.405 

1986 

16.790 

1925 

1.210 

1956 

10.082 

1987 

17.350 

1926 

1.336 

1957 

10.680 

1988 

17.490 

1927 

1.471 

1958 

11.030 

1989 

16.910P 

1928 

1.596 

1959 

12.046 

1990 

17.250P 

1929 

1.952 

1960 

12.771 

1930 

1.979 

1961 

13.250 

Source:  Bureau  of  the  Census.  1976.  Historical  statistics  of  the  United  States; 
Colonial  times  to  1970,  series  M  147.  Washington,  D.C. 

U.S.  Department  of  Energy,  Energy  Information  Administration.  1989.  Annual  energy 
review  1988,  table  69,  p.  159.  DOE/EIA-0384(88).  Washington,  D  C. 

U.S.  Department  of  Energy,  Energy  Information  Administration.  1990.  Annual  energy 
outlook  1990  with  projections  to  2010,  table  A4,  p.  43.  DOE/EIA-0383(90). 
Washington,  D  C. 

Notes;  Production  data  are  for  marketed  production  which  includes  extraction  loss 
and  transfers  to  natural  gas  plant  liquids.  p=>projected. 
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Table  17 

U.S.  production  of  electricity,  by  energy  source,  1950-1990 


(billion  kilowatthours) 


Year 

Coal 

Natural 

gas 

Petro¬ 

leum 

Nuclear 

power 

Hydro¬ 

electric 

Geo¬ 
thermal 
&  other 

Total 

1950 

155 

45 

34 

0 

96 

<1 

329 

1955 

301 

95 

37 

0 

113 

<1 

547 

1960 

403 

158 

48 

1 

146 

<1 

756 

1961 

422 

169 

49 

2 

152 

<1 

794 

1962 

450 

184 

49 

2 

169 

<1 

855 

1963 

494 

202 

52 

3 

166 

<1 

917 

1964 

526 

220 

57 

3 

177 

<1 

984 

1965 

571 

222 

65 

4 

194 

<1 

1,055 

1966 

613 

251 

79 

6 

195 

1 

1,144 

1967 

630 

265 

89 

8 

222 

1 

1,214 

1968 

685 

304 

104 

13 

222 

1 

1,329 

1969 

706 

333 

138 

14 

250 

1 

1,442 

1970 

704 

373 

184 

22 

248 

1 

1,532 

1971 

713 

374 

220 

38 

266 

1 

1,613 

1972 

771 

376 

274 

54 

273 

2 

1,750 

1973 

848 

341 

314 

83 

272 

2 

1,861 

1974 

828 

320 

301 

114 

301 

3 

1,867 

1975 

853 

300 

289 

173 

300 

3 

1,918 

1976 

944 

295 

320 

191 

284 

4 

2,038 

1977 

985 

306 

358 

251 

220 

4 

2,124 

1978 

976 

305 

365 

276 

280 

3 

2,206 

1979 

1,075 

329 

304 

255 

280 

4 

2,247 

1980 

1,162 

346 

246 

251 

276 

6 

2,286 

1981 

1,203 

346 

206 

273 

261 

6 

2,295 

1982 

1,192 

305 

147 

283 

309 

5 

2,241 

1983 

1,259 

274 

144 

294 

332 

6 

2,310 

1984 

1,342 

297 

120 

328 

321 

9 

2,416 

1985 

1,402 

292 

100 

384 

281 

11 

2,470 

1986 

1,386 

249 

137 

414 

291 

12 

2,487 

1987 

1,464 

273 

118 

455 

250 

12 

2,572 

1988 

1,537 

253 

149 

527 

223 

12 

2,701 

1989 

1,532p 

254p 

151p 

521p 

291p 

i 

2,795p 

1990 

1,561p 

249p 

130p 

550p 

31 5p 

i 

2.795P 

Source:  U.S.  Department  of  Energy,  Energy  Information  Administration.  1989. 
Annual  energy  review  1988,  table  85,  p.  199.  DOE/EIA/038(88).  Washington,  D  C. 


U.S.  Department  of  Energy,  Energy  Information  Administration.  1990.  Annual  energy 
outlook  1990  with  projections  to  2010,  table  A6,  p.  45.  DOE/EIA-0383(90).  Washing¬ 
ton,  D.C. 

Notes:  Other  includes  wood,  waste,  photovoltaic,  and  solar  thermal  energy.  p=pro- 
jected.  i=included  under  hydroelectric. 
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Table  18 

Nuclear  generating  units,  1957-1988 
(operable  units  at  end  of  year) 


Year 

Units 

Year 

Units 

1957 

1 

1973 

39 

1958 

1 

1974 

48 

1959 

1 

1975 

54 

1960 

3 

1976 

61 

1961 

3 

1977 

65 

1962 

5 

1978 

70 

1963 

6 

1979 

68 

1964 

6 

1980 

70 

1965 

6 

1981 

74 

1966 

8 

1982 

77 

1967 

10 

1983 

80 

1968 

11 

1984 

86 

1969 

14 

1985 

95 

1970 

18 

1986 

100 

1971 

21 

1987 

107 

1972 

29 

1988 

108 

Source:  1957-1972:  Federal  Power  Commission,  Form  4,  "Monthly  Power  Plant  Re¬ 
port."  Washington,  D.C. 


1973-1988:  Nuclear  Regulatory  Commission,  Report  NUREG-0020,  Licensed  Oper¬ 
ating  Reactors,  monthly.  Washington,  D.C. 


Table  19 

Annual  accumulated  volume  of  uranium  mill  tailings,  1978-1990 


(million  cubic  meters) 


Year 

Accumulation 

Year 

Accumulation 

Prior  to  1978 

68.0 

1984 

113.6 

1978 

75.8 

1985 

114  6 

1979 

84.9 

1986 

115.4 

1980 

94.4 

1987 

1162 

1981 

102.7 

1988 

116.9 

1982 

107.7 

1989 

117.3P 

1983 

111.1 

1990 

117.5p 

Source:  U.S.  Department  of  Energy.  1989.  Integrated  data  base  for  1990:  Spent  fuel 

and  radioactive  waste  inventories,  projections,  and  characteristics, 
Washington,  D.C. 

table  5-1,  p.  133. 
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Table  20 

Annual  accumulated  mass  and  radioactivity  of  permanently  discharged  spent  fuel 
from  nuclear  reactors,  1968-1990 


Year 

Mass 

(1,000 

mtihm) 

Radio¬ 

activity 

(billion 

curies) 

Year 

Mass 

(1,000 

mtihm) 

Radio¬ 

activity 

(billion 

curies) 

Year 

Mass 

(1,000 

mtihm) 

Radio¬ 

activity 

(billion 

curies) 

1968 

0.001 

0.001 

1976 

2.251 

4.457 

1984 

11.255 

13.134 

1969 

0.010 

0.039 

1977 

3.091 

5.751 

1985 

12.607 

14.052 

1970 

0.055 

0.215 

1978 

4.171 

7.811 

1986 

14.102 

15.475 

1971 

0.145 

0.391 

1979 

5.290 

8.958 

1987 

15.896 

17.769 

1972 

0.405 

1.178 

1980 

6.534 

10.159 

1988 

17.607 

18.654 

1973 

0.567 

1.024 

1981 

7.679 

10.614 

1989 

19.600P 

21.000P 

1974 

1975 

1.019 

1.556 

2.366 

3.273 

1982 

1983 

8.689 

9.945 

10.480 

12.073 

1990 

21 .400p 

21 .400p 

Source:  U.S.  Department  of  Energy.  1989.  Integrated  data  base  for  1989:  Spent  fuel 
and  radioactive  waste  inventories,  projections,  and  characteristics,  table  1.4,  p.  31. 
Washington,  D.C. 


Notes:  Estimates  represent  a  consen/ative  upper  limit  of  spent  fuel  projections  (i.e., 
lower  reference  case),  mtihm-metric  tons  initial  heavy  metal.  p«projected. 


Table  21 

Annual  accumulated  volume  and  radioactivity  of  low-level  and  high-level  nuclear 
waste,  1980-1990 


Low-level  waste 

High-level  waste 

DOE/defense 

Commercial 

DOE/defense 

Commercial 

Radio- 

Radio- 

Radio- 

Radio- 

Volume 

activity 

Volume 

activity 

Volume 

activity 

Volume 

activity 

(1,000 

(million 

(1,000 

(million 

(million 

(billion 

(1,000 

(million 

Year 

m3) 

curies) 

m3) 

curies) 

m3) 

curies) 

m3) 

curies) 

1980 

1.95 

9.25 

0.77 

4.55 

0.30 

1.31 

2.20 

35.00 

1981 

2.01 

9.59 

0.85 

4.48 

0.31 

1.58 

2.20 

34.20 

1982 

2.10 

10.64 

0.93 

4.57 

0.34 

1.32 

2.20 

33.40 

1983 

2.19 

11.22 

1.00 

4.73 

0.35 

1.25 

2.20 

32.70 

1984 

2.28 

12.28 

1.08 

4.95 

0.36 

1.40 

2.20 

31.90 

1985 

2.19 

12.17 

1.16 

5.28 

0.36 

1.47 

2.20 

31.20 

1986 

2.28 

12.02 

1.21 

5.06 

0.36 

1.41 

2.20 

30.40 

1987 

2.38 

13.99 

1.26 

4.92 

0.38 

1.27 

2.20 

29.70 

1988 

2.47 

13.42 

1.30 

4.79 

0.38 

1.17 

2.10 

29.30 

1989 

2.57p 

13.88p 

1.34p 

4.87p 

0.37p 

1.13p 

2.1  Op 

28.30p 

1990 

2.73P 

14.29P 

1.37p 

4.92p 

0.38p 

1.16p 

1.60p 

28.00P 

Source:  U.S.  Department  of  Energy.  1989.  Integrated  data  base  for  1989:  Spent  fuel 
and  radioactive  waste  inventories,  projections,  and  characteristics,  table  2.1,  p.  47, 
table  4.1,  p.109  &  table  4.2,  p.  109.  Washington,  D.C. 


Notes:  DOE  -  U.S.  Department  of  Energy,  defense-defense-related  activities. 
m3-cubic  meters.  p>projected. 


448 


lAPPENDIX  E:  ENVIRONMENTAL  DATA  &  TRENDS 


Table  22 

Radiation  levels  in  air  and  pasteurized  milk,  1960-1989 
(annual  mean  exposure  in  picocuries  per  liter) 


Year 

Krypton-85 
in  air 

Strontium-90 
in  pasteurized  milk 

Cesium- 137 
in  pasteurized  milk 

1960 

na 

8.6 

18.0 

1961 

na 

8.0 

11.0 

1962 

7.5 

13.4 

44.0 

1963 

9.0 

23.5 

108.0 

1964 

9.5 

23.8 

109.0 

1965 

10.0 

17.6 

58.0 

1966 

11.0 

13.3 

29.0 

1967 

11.5 

10.2 

16.0 

1968 

12.5 

8.9 

11.0 

1969 

13.5 

7.5 

9.0 

1970 

15.4 

7.3 

8.0 

1971 

14.8 

6.8 

9.0 

1972 

14.9 

5.6 

6.0 

1973 

16.7 

4.4 

5.0 

1974 

17.0 

4.7 

8.0 

1975 

17.5 

3.9 

9.0 

1976 

16.5 

3.5 

7.0 

1977 

17.1 

3.6 

6.0 

1978 

na 

3.8 

7.3 

1979 

21.8 

3.5 

4.0 

1980 

na 

2.8 

6.8 

1981 

na 

2.8 

2.5 

1982 

26.4 

2.8 

4.1 

1983 

38.6 

2.3 

1.6 

1984 

na 

2.1 

2.1 

1985 

na 

2.0 

2.7 

1986 

na 

1.9 

5.5 

1987 

na 

1.9 

6.6 

1988 

na 

1.6 

4.0 

1989 

na 

1.5 

2.8 

Source:  U.S.  Environmental  Protection  Agency,  Office  of  Radiation  Programs. 
Environmental  radiation  data  report  EPA-520/5,  quarterly  issues.  Montgomery,  AL. 

Notes;  Data  for  1989  are  for  the  first  six  months  of  the  calendar  year.  na«not  avail¬ 
able. 
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Table  23 

U.S.  energy  consumption,  by  source,  1950-1990 
(Quadrillion  Btu) 


Year 

Coal 

Natural 

gas 

Crude  oil 
&  NGPL 

Hydro¬ 

electric 

Nuclear 

Other 

Total 

1950 

12.35 

5.97 

13.32 

1.44 

0.00 

0.010 

33.08 

1955 

11.17 

9.00 

17.25 

1.41 

0.00 

0.010 

38.82 

1960 

9.84 

12.39 

19.92 

1.66 

0.01 

<0.005 

43.80 

1965 

11.58 

15.77 

23,25 

2.06 

0.04 

<0.005 

52.68 

1966 

12.14 

17.00 

24.40 

2.07 

0.06 

<0.005 

55.66 

1967 

11.91 

17.94 

25.28 

2.34 

0.09 

0.000 

57.57 

1968 

12.33 

19.21 

26.98 

2.34 

0.14 

0.000 

61.00 

1969 

12.38 

20.68 

28.34 

2.66 

0.15 

0.020 

64.19 

1970 

12.26 

21.79 

29.52 

2.65 

0.24 

0.050 

66.43 

1971 

11.60 

22.47 

30.56 

2.86 

0.41 

0.020 

67.89 

1972 

12.08 

22.70 

32.95 

2.94 

0.58 

0.010 

71.26 

1973 

12.97 

22.51 

34.84 

3.01 

0.91 

0.040 

74.28 

1974 

12.66 

21.73 

33.45 

3.31 

1.27 

0.110 

72.54 

1975 

12.66 

19.95 

32.73 

3.22 

1.90 

0.090 

70.55 

1976 

13.58 

20.35 

35.17 

3.07 

2.11 

0.080 

74.36 

1977 

13.92 

19.93 

37.12 

2.51 

2.70 

0.100 

76.29 

1978 

13.77 

20.00 

39.97 

3.14 

3.02 

0.190 

78.09 

1979 

15.04 

20.67 

37.12 

3.14 

2.78 

0.150 

78.90 

1980 

15.42 

20.39 

34.20 

3.12 

2.74 

0.080 

75.96 

1981 

15.91 

19.93 

31.93 

3.11 

3.01 

0.110 

73.99 

1982 

15.32 

18.51 

30.23 

3.57 

3.13 

0.080 

70.84 

1983 

15.89 

17.36 

30.05 

3.90 

3.20 

0.120 

70.50 

1984 

17.07 

18.51 

31.05 

3.76 

3.55 

0.160 

74.06 

1985 

17.48 

17.83 

30.92 

3.36 

4.15 

0.200 

73.94 

1986 

17.26 

16.71 

32.20 

3.39 

4.47 

0.220 

74.26 

1987 

18.01 

17.67 

32.87 

3.07 

4.91 

0.250 

76.77 

1988 

18.81 

18.60 

33.96 

2.62 

5.68 

0.280 

79.94 

1989 

19.00P 

18.90P 

34.10P 

na 

5.60p 

na 

84.20p 

1990 

19.00p 

19.20p 

34.40P 

na 

5.90p 

na 

85.40p 

Source;  U.S.  Department  of  Energy,  Energy  Information  Administration.  1989.  Annual 
energy  review  1988,  table3,  p.  11.  DOE/EIA-0384(88).  Washington,  D.C. 

U.S.  Department  of  Energy,  Energy  Information  Administration.  1990.  Annual  energy 
outlook  1990  with  projections  to  2010,  table  A2,  p.  41.  DOE/EIA-0383(90).  Washing¬ 
ton,  D.C. 

Notes;  NGPL-  Natural  gas  plant  liquids.  Other  includes  electricity  produced  from  geo¬ 
thermal,  wood,  waste,  wind,  photovoltaic,  and  solar  thermal  sources.  p>projected. 
na»not  available,  but  included  in  total. 
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Table  24 

U.S.  energy  consumption,  by  end  use  sector,  1950-1990 


(Quadrillion  Btu) 


Year 

Fossil  fuels 

Electric 

utilities 

Total 

Residential  & 
Commercial 

Industrial 

Transportation 

1950 

6.65 

13.28 

8.38 

4.70 

33.08 

1955 

7.39 

15.42 

9.48 

6.50 

38.82 

1960 

8.75 

16.26 

10.56 

8.19 

43.80 

1965 

10.00 

19.25 

12.39 

11.01 

52.68 

1966 

10.47 

20.11 

13.05 

11.99 

55.66 

1967 

11.04 

20.10 

13.70 

12.70 

57.57 

1968 

11.40 

20.87 

14.81 

13.88 

61.00 

1969 

11.90 

21.63 

15.45 

15.18 

64.19 

1970 

12.14 

21.94 

16.04 

16.27 

66.43 

1971 

12.35 

21.68 

16.67 

17.15 

67.89 

1972 

12.64 

22.40 

17.67 

18  52 

71.26 

1973 

12.27 

23.55 

18.57 

19.85 

74.28 

1974 

11.77 

22.63 

18.08 

20.02 

72.54 

1975 

11.60 

20.37 

18.20 

20.35 

70.55 

1976 

12.25 

21.44 

19.06 

21.57 

74.36 

1977 

11.87 

21.89 

19.77 

22.71 

76.29 

1978 

11.91 

21.86 

20.56 

23.72 

78.09 

1979 

11.53 

22.78 

20.43 

24.13 

78.90 

1980 

10.72 

21.04 

19.66 

24.50 

75.96 

1981 

10.04 

19.69 

19.46 

24.76 

73.99 

1982 

10.06 

17.45 

19.03 

24.26 

70.84 

1983 

9.71 

16.72 

19.10 

24.93 

70.50 

1984 

10.09 

18.16 

19.84 

25.94 

74.06 

1985 

9.83 

17,53 

20.08 

26.48 

73.94 

1986 

9.58 

17.25 

20.74 

26.66 

74.26 

1987 

9.72 

18.13 

21.34 

27.55 

76.77 

1988 

10.42 

19.06 

21.81 

28.62 

79.94 

1989 

11.17p 

21 .75p 

22.01  p 

29.27P 

84.20p 

1990 

1 1 .35p 

22.20P 

22.36P 

29.49P 

85.40P 

Source;  U.S.  Department  of  Energy,  Energy  Information  Administration.  1989.  Annual 
energy  review  1988,  table  4.  p.  13.  DOE/E1A-0384(88).  Washington,  D.C. 

U.S.  Department  of  Energy,  Energy  Information  Administration.  1990.  Annual  energy 
outlook  1990  with  projections  to  2010,  table  A2,  p.  41 ;  table  A8,  p.47;  table  A9,  p.  48; 
table  AIO,  p.  49;  and  table  A1 1.  p.  50.  DOE/EIA-0383(90).  Washington.  D.C. 

Notes:  Does  not  include  wood,  geothermal,  waste,  photovoltaic,  or  solar  energy,  ex¬ 
cept  that  used  by  electric  utilities.  Totals  may  not  equal  due  to  independent  rounding, 
p-projected. 
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Table  25 

Automobile  travel  and  fuel  economy,  1970-1987 


Year 

Automobiles 
in  use 
(millions) 

Miles  traveled 
per 

automobile 

(thousand) 

Automobile 
fuel  consump¬ 
tion  rate 
(mpg) 

Automobile 
fuel  economy 
standard 
(mpg) 

1970 

89.2 

10.27 

13.5 

na 

1973 

102.0 

10.26 

13.3 

na 

1974 

104.8 

9.61 

13.4 

na 

1975 

106.7 

9.69 

13.5 

na 

1976 

110.2 

9.79 

13.5 

na 

1977 

112.3 

9.88 

13.8 

na 

1978 

116.6 

9.84 

14.0 

na 

1979 

118.5 

9.40 

14.4 

na 

1980 

121.6 

9.14 

15.5 

20.0 

1981 

123.1 

9.19 

15.9 

22.0 

1982 

123.7 

9.43 

16.7 

24.0 

1983 

126.2 

9.48 

17.1 

26.0 

1984 

128.1 

9.56 

17.8 

27.0 

1985 

131.9 

9.56 

18.2 

27.5 

1986 

135.4 

9.61 

18.3 

26.0 

1987 

139.0 

9.88 

19.2 

26.0 

Source:  U.S.  Department  of  Transportation.  Federal  Highway  Administration.  High 
way  statistics  annual,  table  VM-1.  Washington,  D.C. 

U.S.  Department  of  Energy,  Oak  Ridge  National  Laboratory.  1988.  Transportation 
energy  conservation  data  book  (draft).  Oak  Ridge,  TN. 

Notes:  mpg^miles  per  gallon.  na=not  available. 


452 


{APPENDIX  E:  ENVIRONMENTAL  DATA  &  TRENDS 


Table  26 

Offstream  water  use,  by  source  and  end  user,  1900-1985 


(billions  of  gallons  per  day) 


Source 

End  user 

Year 

Ground 

water 

Surface 

water 

Public 

supply 

Rural  & 

domestic 

livestock 

l(iiu<ttion 

Thermo¬ 

electric 

utility 

Other 

industries 

1900 

na 

na 

3.0 

2.0 

20.0 

5.0 

10.0 

1910 

na 

na 

5.0 

2.2 

39.0 

7.0 

14.0 

1920 

na 

na 

6.0 

2.4 

56.0 

9.0 

18.0 

1930 

na 

na 

8.0 

2.9 

60.0 

18.0 

21.0 

1940 

na 

na 

10.0 

3.1 

71.0 

23.0 

29.0 

1945 

na 

na 

12.0 

3.4 

80.0 

31.5 

35.0 

1950 

34.0 

150.0 

14.0 

3.6 

89.0 

40.0 

37.0 

1955 

47.6 

198.0 

17.0 

3.6 

110.0 

72.0 

39.0 

1960 

50.4 

221.0 

21.0 

3.6 

110.0 

100.0 

38.0 

1965 

60.5 

253.0 

24.0 

4.0 

120.0 

130.0 

46.0 

1970 

69.0 

303.0 

27.0 

4.5 

130.0 

170.0 

47.0 

1975 

83.0 

329.0 

29.0 

4.9 

140.0 

200.0 

45.0 

1980 

83.9 

361.0 

34.0 

5.6 

150.0 

210.0 

45.0 

1985 

73.7 

320.0 

37.0 

7.8 

140.0 

190.0 

31.0 

Source;  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  1976.  Historical  statis¬ 
tics  of  the  United  States,  series  J  92-103.  Washington,  D.C. 


Solley,  W.B.,  C.F.  Merk  &  R.R.  Pierce.  1988.  Estimated  use  of  water  in  the  United  States 
in  1985.  U.S.  Department  of  the  Interior,  Geological  Survey  Circular  1004,  p.  69. 


Note;  na=not  available. 
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Table  27 

Population  sen/ed  by  municipal  wastewater  treatment  systems,  by  level  of 
treatment,  1960-1988 


(million  people) 


Level  of  treatment 

1960 

1978 

1982 

1986 

1988 

Not  sen/ed 

70.0 

66.0 

62.0 

67.8 

69.9 

No  discharge 

na 

na 

na 

5.7 

6.1 

Raw  discharge 

na 

na 

na 

1.6 

1.4 

Less  than  secondary  treatment 

36.0 

237.0 

37.0 

28.8 

26.5 

Secondary  treatment 

na 

56.0 

63.0 

72.3 

78.0 

Greater  than  secondary  treatment 

4.0 

49.0 

53.0 

54.9 

65.7 

Source:  1960:  Kollar,  K.L.  1979.  Market  for  water  and  wastewater  treatment  equipment. 
J.  Water  Pollution  Control  Feo.  51:682. 


1978-1988:  U.S.  Environmental  Protection  Agency,  Office  of  Municipal  Pollution  Con¬ 
trol.  Needs  survey  to  Congress-assessment  of  needed  publicly  owned  wastewater 
treatment  facilities  in  the  United  States,  biennial.  Washington,  D.C. 

Notes:  Data  for  1960  are  not  strictly  comparable  to  other  data  because  of  different 
methods  of  data  collection.  na«not  available. 


Table  28 

Estimated  phosphorus  loadings  to  the  Great  Lakes,  1976-1986 
(metric  tons) 


Year 

Lake 

Superior 

Lake 

Michigan 

Lake 

Huron 

Lake 

Erie 

Lake 

Ontario 

1976 

3,550 

6,656 

4,802 

18,480 

12,695 

1977 

3,661 

4,666 

3,763 

14,576 

/  8,935 

1978 

5,990 

6,245 

5,255 

19,431 

9,547 

1979 

6,619 

7,659 

4,881 

1 1 ,941 

8,988 

1980 

6,412 

6,574 

5,307 

14,855 

8,579 

1981 

3,412 

4,091 

3,481 

10,452 

7,437 

1982 

3,160 

4,084 

4,689 

12,349 

8,891 

1983 

3,407 

4,515 

3,978 

9,880 

6,779 

1984 

3,642 

3,611 

3,452 

12,874 

7,948 

1985 

2,864 

3,956 

5,758 

11,216 

7,083 

1986 

3,059 

4,981 

4,210 

11,118 

9,561 

Source:  Great  Lakes  Water  Quality  Board.  Great  Lakes  water  quality,  annual.  Surveil¬ 
lance  SubcommitiOe  Report  to  the  International  Joint  Commission,  United  States  and 
Canada.  Windsor,  ON. 


Note:  The  1978  Great  Lakes  Water  Quality  Agreement  set  target  loadings  for  each  lake 
(in  metric  tons  per  year):  Lake  Superior-3,400;  Lake  Michigan-5,600;  Lake  Huron-4,360; 
Lake  Erie-1 1,000;  and  Lake  Ontario-7,000. 
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Table  29 

Contaminant  levels  in  coho  salmon  from  the  Great  Lakes,  1980-1986 


(parts  per  million  in  skin  on  fillets) 


Lake  Michigan  I 

1  l^ke  Erie 

Year 

DDT 

PCB 

Dieldrin 

DDT 

PCB 

Dieldrin 

1980 

0.62 

1.93 

0.06 

0.16 

1.07 

0.04 

1981 

0.53 

1.37 

na 

0.11 

0.90 

na 

1982 

0.27 

0.83 

0.02 

0.10 

0.67 

0.02 

1983 

0.16 

0.30 

0.02 

0.09 

0.51 

0.02 

1984 

0.19 

0.39 

0.01 

0.06 

0.38 

0.01 

1986 

0.15 

0.53 

0.01 

0.13 

0.48 

0.02 

Source;  DeVault,  D.S.,  J.M.  Clark,  G.  Lahois  &  J.  Weishaar.  1988.  Contaminants  arxl 
and  trends  in  fall  run  coho  salmon.  Journal  of  Great  Lakes  Research  14: 23-33. 


Notes;  DDT>>Oichloro-diphenyl-trichloro  ethane.  PCB>Polychlorinated  biphenyl. 


Table  30 

Contaminant  levels  in  herring  gull  eggs  from  Great  Lakes  colonies,  1974-1989 
(  parts  per  million  in  whole  egg  samples,  wet  weight) 


Granite  Island,  Black  Bay,  Western  Lake  Superior 


Year 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

PCB 

1974 

8.79 

19.26 

0.61 

1.30 

0.22 

75.43 

1975 

8.16 

24.16 

0.44 

0.62 

0.12 

82.02 

1976 

na 

na 

na 

na 

na 

na 

1977 

9.23 

11.83 

0.35 

0.24 

0.12 

54.91 

1978 

9.72 

9.61 

0.39 

0.39 

0.14 

45.35 

1979 

9.24 

6.39 

0.64 

0.19 

0.15 

59.05 

1980 

6.85 

3.65 

0.33 

0.09 

0.08 

27.48 

1981 

8.44 

5.23 

0.38 

0.09 

0.09 

31.33 

1982 

8.45 

6.75 

0.44 

0.22 

0.07 

39.70 

1983 

na 

na 

na 

na 

na 

na 

1984 

9.74 

3.40 

0.37 

0.05 

0.05 

17.81 

1985 

9.40 

3.30 

0.28 

0.09 

0.06 

19.51 

1986 

7.40 

3.30 

0.37 

0.09 

0.05 

14.30 

1987 

8.90 

2.90 

0.26 

0.03 

0.04 

13.00 

1988 

.9.0 

3.20 

0.31 

0.03 

0.05 

16.00 

1989 

7.60 

2.40 

0.34 

0.05 

0.06 

15.00 

continued 
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Agawa  Rock,  Eastern  Lake  Superior 


Year 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

PCB 

1974 

8.68 

14.19 

0.42 

0.76 

0.29 

50.07 

1975 

7.24 

22.03 

0.32 

1.29 

0.24 

70.45 

1976 

na 

na 

na 

na 

na 

na 

1977 

9.25 

12.01 

0.40 

0.42 

0.13 

55.53 

1978 

9.26 

9.68 

0.40 

0.15 

0.09 

36.85 

1979 

9.29 

7.26 

0.56 

0.33 

0.14 

58.43 

1980 

8.32 

3.70 

0.35 

0.17 

0.08 

23.68 

1981 

8.91 

6.26 

0.49 

0.20 

0.14 

36.35 

1982 

8.90 

5.83 

0.34 

0.51 

0.10 

29.78 

1983 

8.91 

3.49 

0.33 

0.16 

0.05 

21.42 

1984 

9.30 

2.49 

0.34 

0.19 

0.06 

16.01 

1985 

9.66 

2.97 

0.36 

0.12 

0.05 

12.26 

1986 

7.80 

3.13 

0.32 

0.12 

0.05 

13.90 

1987 

9.20 

2.20 

0.13 

0.16 

0.04 

11.00 

1988 

9.60 

2.70 

0.37 

0.09 

0.05 

11.00 

1989 

7.50 

2.60 

0.33 

0.09 

0.04 

15.00 

Big  Sister  Island.  Green  Bay,  Lake  Michigan 


Year 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

PCB 

1976 

8.90 

33.40 

0.82 

0.36 

0.14 

120.00 

1977 

na 

na 

na 

na 

na 

na 

1978 

9.12 

21.80 

0.90 

0.26 

0.12 

89.98 

1979 

na 

na 

na 

na 

na 

na 

1980 

8.31 

11.38 

0.65 

0.07 

0.08 

56.95 

1981 

na 

na 

na 

na 

na 

na 

1982 

8.94 

17.89 

0.75 

0.07 

0.07 

66.89 

1983 

9.03 

6.76 

0.53 

0.04 

0.03 

27.66 

1984 

9.02 

9.34 

0.64 

0.13 

0.06 

34.00 

1985 

9.89 

7.93 

0.54 

0.18 

0.05 

36.82 

1986 

10.00 

7.05 

0.28 

0.05 

0.07 

27.00 

1987 

10.50 

12.00 

0.85 

0.10 

0.07 

45.00 

1988 

7.70 

4.00 

0.55 

0.03 

0.03 

17.00 

1989 

8.70 

4.70 

0.58 

0.03 

0.04 

22.00 

continued 
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Table  30  (continued) 

_ Gull  Island.  Northern  Lake  Michigan 


Year 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

PCB 

1976 

na 

na 

na 

na 

na 

na 

1977 

na 

na 

na 

na 

na 

na 

1978 

9.73 

22.91 

0.83 

0.16 

0.12 

91.49 

1979 

na 

na 

na 

na 

na 

na 

1980 

8.47 

12.95 

0.75 

0.14 

0.10 

58.70 

1981 

na 

na 

na 

na 

na 

na 

1982 

9.21 

13.84 

0.88 

0.11 

0.12 

63.93 

1983 

7.90 

6.19 

0.68 

0.06 

0.07 

32.65 

1984 

9.47 

6.37 

0.41 

0.06 

0.06 

28.93 

1985 

9.63 

5.92 

0.40 

0.04 

0.05 

26.51 

1986 

7.90 

7.91 

0.49 

0.09 

0.08 

27.50 

1987 

9.20 

4.00 

0.33 

0.06 

0.04 

17.00 

1988 

9.30 

6.10 

0.55 

0.04 

0.06 

22.00 

1989 

8.90 

5.00 

0.53 

0.04 

0.05 

21.00 

Chantry  Island,  Southern  Lake  Huron 


Year 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

PCB 

1974 

8.20 

21.00 

0.47 

2.20 

0.47 

86.00 

1975 

8.61 

11.85 

0.31 

0.48 

0.18 

39.33 

1976 

na 

na 

na 

na 

na 

na 

1977 

9.44 

13.32 

0.57 

0.33 

0.17 

63.66 

1978 

11.05 

6.02 

0.22 

0.26 

0.14 

32.13 

1979 

7.72 

2.54 

0.28 

0.20 

0.10 

31.08 

1980 

9.42 

2.83 

0.23 

0.16 

0.08 

23.41 

1981 

9.23 

4.08 

0.25 

0.35 

0.07 

27.70 

1982 

8.22 

5.03 

0.29 

0.58 

0.08 

38.06 

1983 

8.03 

2.22 

0.20 

0.16 

0.05 

16.86 

1984 

8  82 

2.55 

0.19 

0.49 

0.07 

21.54 

1985 

9.04 

2.47 

0.29 

0.14 

0.05 

14.25 

1986 

8.00 

2.00 

0.24 

0.13 

0.05 

12.30 

1987 

9.00 

1.00 

0.10 

0.11 

0.02 

7.70 

1988 

8.70 

1.10 

0.21 

0.07 

0.04 

8.00 

1989 

8.70 

0.77 

0.15 

0.05 

0.03 

6.20 

continued 
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Year 

Double  Island,  North  Channel,  Lake  Huron 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

PCB 

1974 

9.31 

13.83 

0.53 

0.52 

0.30 

56.34 

1975 

7.25 

16.22 

0.41 

0.55 

0.24 

46.01 

1976 

na 

na 

na 

na 

na 

na 

1977 

9.42 

19.03 

0.51 

0.55 

0.21 

76.90 

1978 

8.98 

7.04 

0.22 

0.16 

0.09 

32.62 

1979 

8.72 

2.06 

0.32 

0.17 

0.10 

26.24 

1980 

9.06 

2.60 

0.24 

0.06 

0.06 

17.41 

1981 

9.58 

3.56 

0.23 

0.17 

0.07 

23.08 

1982 

8.30 

3.84 

0.26 

0.38 

0.07 

30.51 

1983 

8.45 

3.25 

0.25 

0.15 

0.05 

19.69 

1984 

9.85 

2.58 

0.25 

0.20 

0.06 

18.36 

1985 

9.51 

3.08 

0.32 

0.29 

0.07 

19.56 

1986 

8.30 

2.10 

0.17 

0.11 

0.04 

11.70 

1987 

8.60 

1.60 

0.33 

0.06 

0.02 

9.00 

1988 

8.40 

1.70 

0.24 

0.07 

0.04 

9.30 

1989 

8.80 

2.40 

0.25 

0.14 

0.04 

14.00 

Port  Colborne  Lighthouse  1 ,  Eastern  Lake  Erie 


Year 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

PC 

1974 

8.50 

8.71 

0.37 

0.84 

0.21 

72. 

1975 

8.21 

7.92 

0.38 

0.42 

0.16 

53. 

1976 

na 

na 

na 

na 

na 

1977 

9.84 

7.55 

0.50 

0.51 

0.19 

59. 

1978 

8.95 

5.60 

0.28 

0.38 

0.09 

46. 

1979 

8.59 

3.44 

0.24 

0.25 

0.10 

37. 

1980 

7.61 

3.40 

0.27 

0.30 

0.08 

37. 

1981 

9.63 

4.74 

0.24 

0.42 

0.08 

44. 

1982 

10.60 

7.46 

0.36 

0.60 

0.08 

59. 

1983 

8.27 

3.05 

0.17 

0.29 

0.06 

36. 

1984 

9.52 

4.43 

0.34 

0.38 

0.06 

45. 

1985 

9.17 

3.62 

0.16 

0.24 

0.05 

29. 

1986 

7.60 

3.21 

0.20 

0.25 

0.05 

23. 

1987 

9.60 

1.70 

0.14 

0.21 

0.03 

16. 

1988 

8.50 

1.90 

0.18 

0.18 

0.03 

18. 

1989 

10.40 

3.10 

0.23 

0.33 

0.05 

33. 

continued 
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Table  30  (continued) 


Middle  Island.  Western  Lake  Erie 


Year 

Perlat 

DDE 

Dieldrin 

Mirex 

HCB 

PCB 

1974 

8.49 

5.55 

0.34 

0.44 

0.38 

72.36 

1975 

8.44 

6.90 

0.28 

0.22 

0.23 

70.69 

1976 

na 

na 

na 

na 

na 

na 

1977 

9.00 

7.42 

0.31 

0.39 

0.19 

78.13 

1978 

8.80 

2.98 

0.21 

0.02 

0.09 

42.43 

1979 

8.12 

2.76 

0.27 

0.10 

0.12 

59.28 

1980 

7.07 

2.60 

0.16 

0.09 

0.09 

54.29 

1981 

8.64 

3.06 

0.20 

0.07 

0.10 

68.61 

1982 

7.94 

2.63 

0.24 

0.08 

0.08 

58.81 

1983 

7.77 

1.66 

0.24 

0.04 

0.05 

37.92 

1984 

9.12 

2.03 

0.32 

0.05 

0.06 

47.26 

1985 

9.04 

2.04 

0.22 

0.05 

0.07 

47.15 

1986 

7.70 

2.32 

0.26 

0.03 

0.06 

43.00 

1987 

8.70 

1.70 

0.14 

0.01 

0.04 

28.00 

1988 

7.30 

2.20 

0.17 

0.03 

0.06 

37.00 

1989 

8.80 

2.20 

0.11 

0.03 

0.05 

76.00 

J. 


Year 

Snake  Island,  Eastern  Lake  Ontario 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

P( 

1974 

7.21 

21.37 

0.47 

6.59 

0.56 

140. 

1975 

7.81 

23.58 

0.35 

5.97 

0.22 

179 

1976 

na 

na 

na 

na 

na 

1977 

9.64 

16.96 

0.50 

2.91 

0.50 

120 

1978 

9.70 

10.45 

0.28 

1.74 

0.35 

70. 

1979 

8.55 

8.83 

0.19 

1.96 

0.22 

62. 

1980 

7.88 

7.12 

0.20 

1.58 

0.15 

53 

1981 

9.51 

11.75 

0.27 

2.80 

0  26 

85. 

1982 

8.35 

8.75 

0.27 

2.48 

0.16 

61 

1983 

8.06 

5.07 

0.21 

1.50 

0.09 

46 

1984 

9.12 

7.21 

0.28 

2.02 

0.14 

53 

1985 

9.19 

7.15 

0.18 

1.68 

0.08 

34 

1986 

7.48 

4.71 

0.18 

1.21 

0.07 

29 

1987 

8.90 

2.90 

0.15 

0.86 

0.05 

17 

1988 

8.80 

5.20 

0.18 

0.94 

0.09 

27 

1989 

8.60 

5.20 

0.14 

1.10 

0.07 

31 
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Table  30  (continued) 

Muggs  Island.  Western  Lake  Ontario 


Year 

Perfat 

DDE 

Dieldrin 

Mirex 

HCB 

PCB 

1974 

7.79 

23.32 

0.46 

7.44 

0.60 

170.00 

1975 

7.69 

22.02 

0.24 

3.42 

0.45 

110.00 

1976 

na 

na 

na 

na 

na 

na 

1977 

8.79 

12.80 

0.28 

2.05 

0.34 

86.62 

1978 

8.64 

10.91 

0.25 

1.39 

0.28 

74.63 

1979 

8.73 

9.05 

0.22 

1.81 

0.21 

76.29 

1980 

7.86 

8.17 

0.18 

1.72 

0.20 

59.69 

1981 

8.93 

10.26 

0.28 

2.53 

0.23 

72.17 

1982 

8.66 

11.47 

0.29 

3.69 

0.16 

64.47 

1983 

8.49 

4.49 

0.14 

1.36 

0.07 

39.01 

1984 

8.89 

5.32 

0.13 

1.72 

0.11 

48.87 

1985 

9.14 

4.90 

0.13 

1.26 

0.06 

36.57 

1986 

8.10 

4.00 

0.14 

0.98 

0.07 

25.04 

1987 

9.00 

2.30 

0.11 

0.50 

0.03 

16.00 

1988 

8.60 

3.30 

0.12 

0.69 

0.05 

20.00 

1989 

7.90 

5.30 

0.30 

1.20 

0.06 

34.00 

Source;  Environment  Canada,  Canadian  Wildlife  Sen/ice,  Canada  Centre  for  Inland 
Waters.  1990.  Organochlorine  contaminant  concentrations  in  herring  gull  eggs  from  Great 
Lakes  colonies.  Burlington,  ON. 

Notes;  Perfat>=Percentage  of  fat  in  sample.  DDE-Metabolite  of  dichloro-diphenyl-trichloro 
ethane  (DDT).  HCB=Hexachlorobenzene.  PCB»Polychlorinated  biphenyl.  na=not  avail¬ 
able. 
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Table  31 

Harvest-limited  shellfish  waters  for  selected  estuaries,  1971-1985 
(percentage  of  productive  shellfish  waters  closed  to  hcuvest) 


Sheepscot 

Merrimack 

Connecticut 

Narragansett 

Saco 

Year 

Bay,  MA 

River,  MA 

River,  CT 

Bay,  Rl 

Bay,  NH 

1971 

48 

100 

100 

29 

19 

1974 

48 

100 

100 

30 

19 

1980 

44 

100 

100 

32 

20 

1985 

43 

100 

100 

34 

23 

Great  South 

Barnegat 

Delaware 

Charleston 

Cape  Fear 

Year 

Bay.  MA 

Bay.  NJ 

Bay,  DE 

Harbor.  SC 

River,  NC 

1971 

12 

17 

14 

100 

NA 

1974 

12 

19 

15 

100 

88 

1980 

25 

24 

15 

100 

88 

1985 

24 

24 

15 

100 

67 

Santee 

Broad 

Mobile 

Matagorda 

Corpus  Christi 

Year 

River,  GA 

River,  SC 

Bay,  AL 

Bay,  TX 

Bay,  TX 

1971 

71 

15 

100 

8 

21 

1974 

71 

15 

100 

11 

21 

1980 

61 

9 

100 

11 

21 

1985 

59 

12 

100 

12 

24 

Galveston 

Coos 

Willapa 

Puget 

Grays 

Year 

Bav.TX 

Bay,  OR 

Bay,  WA 

Sound,  WA 

Harbor,  WA 

1971 

NA 

87 

3 

35 

24 

1974 

21 

72 

3 

36 

58 

1980 

51 

73 

3 

35 

24 

1985 

51 

73 

3 

38 

100 

Source:  U.S.  Department  of  Commerce,  National  Oceanic  and  Atmospheric  Administra¬ 
tion,  National  Ocean  Survey,  Ocean  Assessments  Division,  Strategic  Assessment 
Branch.  1986.  Trends  in  harvest-limited  shellfish  areas  by  estuary  (data  compiled  from 
the  National  Estuarine  Inventory  database).  Rockville,  MD. 


461 


1970  L^\  I  liO\ MENTAL  QUALITY  1990 


Table  32 

Wetland  acreage  in  the  conterminous  United  States,  1780s- 1980s 
(miliions  of  acres) 


Wetland  type 

1780s 

1954 

1974 

1980s 

Estuarine  wetlands 

na 

5.59 

5.22 

na 

Freshwater  marshes 

na 

33.07 

28.40 

na 

Freshwater  shrub  wetlands 

na 

11.00 

10.60 

na 

Freshwater  forested  wetlands 

na 

55.09 

49.70 

na 

Other  freshwater  wetlands 

na 

2.70 

5.00 

na 

Total  wetland  aaeage 

225.00 

107.95 

98.92 

105.50 

Source;  Prayer,  W.E.,  T.J.  Monahan,  D.C.  Bowden  &  F.A.  Graybill.  1983.  Status  and 
trends  of  wetlands  and  deepwater  habitats  in  the  conterminous  United  States,  1950s  to 
1970s,  table  1,  pp.  20,  21.  Department  of  Forest  and  Wood  Sciences,  Colorado  State 
University.  Ft.  Collins,  CO. 

U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Sen/ice,  National  Wetlands  Inventory. 
1990.  Wetland  losses  in  the  United  States  1780‘s  to  1980's  (draft).  Washington,  D.C. 


Table  33 

Wetland  acreage,  by  state,  1780s- 1980s 


State 

Percentage  of 
wetland 
area  lost 

1780s 

1980s 

Alabama 

7.567 

3.783 

50% 

Alaska 

170.200 

170.000 

<1% 

Arizona 

0.931 

0.600 

36% 

Arkansas 

9.848 

2.763 

72% 

California 

3.995 

0.980 

75% 

Colorado 

2.294 

1.000 

56% 

Connecticut 

0.670 

0.173 

74% 

Delaware 

0.480 

0.022 

54% 

Florida 

20.325 

11.038 

46% 

Georgia 

6.843 

5.298 

23% 

Hawaii 

0.150 

0.100 

33% 

Idaho 

0.877 

0.385 

56% 

Illinois 

8.212 

1.254 

85% 

Indiana 

5.600 

0.750 

87% 

Iowa 

4.500 

0.800 

80% 

continued 
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Table  33  (continued) 


State 

HiEiiiH 

1  Percentage  of 

wetland 

1  area  lost 

1 1700s 

1980s  1 

Kansas 

0.841 

0.453 

48% 

Kentucky 

1.566 

0.300 

81% 

Louisiana 

16.194 

8.784 

46% 

Maine 

6.460 

5.199 

20% 

Maryland 

1.650 

0.440 

73% 

Massachusetts 

0.818 

0.589 

28% 

Michigan 

11.200 

5.583 

50% 

Minnesota 

15.070 

8.700 

42% 

Mississippi 

9.872 

4.067 

59% 

Missouri 

5.075 

0.836 

84% 

Montana 

1.147 

0.840 

27% 

Nebraska 

2.911 

1.906 

36% 

Nevada 

0.487 

0.236 

52% 

New  Hampshire 

0.220 

0.143 

35% 

New  Jersey 

1.500 

0.915 

39% 

New  Mexico 

0.720 

0.481 

33% 

New  York 

2.562 

1.025 

60% 

North  Carolina 

11.089 

5.689 

49% 

North  Dakota 

4.928 

2.490 

49% 

Ohio 

9.773 

0.483 

95% 

Oklahoma 

2.821 

1.050 

63% 

Oregon 

2.262 

1.393 

30% 

Pennsylvania 

1.127 

0.499 

56% 

Rhode  Island 

0.102 

0.065 

37% 

South  Carolina 

6.414 

4.659 

27% 

South  Dakota 

2.735 

1.780 

35% 

Tennessee 

1.937 

0.787 

59% 

Texas 

15.999 

7.612 

52% 

Utah 

0.802 

0.550 

30% 

Vermont 

0.341 

0.220 

1  35% 

Virginia 

1.849 

1.074 

42% 

Washington 

1.350 

0.938 

1  31% 

West  Virginia 

0.134 

0.102  24% 

Wisconsin 

9.800 

5.331 

46% 

Wyoming 

2.000 

1.250  38% 

Source;  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Sen/ice,  National  Wetlands 
Inventory. 1990.  Wetland  losses  in  the  United  States  1780's  to  1980's  (draft). 
Washington,  D.C. 
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Table  34 

Loss  of  bottomland  hardwood  forests  in  the  Mississippi  River  alluvial  plain, 
1937-1990 

(million  acres) 


Year 

Acreage 

Year 

Acreage 

Year 

Acreage 

1937 

12.35 

WM 

8.89 

1985 

4.55p 

1947 

11.36 

7.66 

1990 

4.20p 

1957 

10.62 

mSSM 

5.18 

Source:  MacDonald,  P.O.,  W.E.  Prayer  &  J.K.  Clauser.  1979.  Documentation,  chron- 
ology,  and  future  projections  of  bottomland  hardwood  loss  in  the  Lower  Mississippi 
alluvial  plain,  vol.  1.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Sen/ice.  Wash¬ 
ington,  D.C. 

Note:  p-projected. 


Table  35 

Oil  and  hazardous  waste  spills  in  and  around  U.S.  waters,  1970-1986 


Oil  spills  _  _ Hazardous  waste  spills 


Year 

(thousands 
of  spills) 

(millions  of 

gallons) 

(number 
of  spills) 

(millions  of 
pounds) 

1970 

3.71 

15.25 

na 

na 

1971 

8.74 

8.84 

na 

na 

1972 

9.93 

18.81 

na 

na 

1973 

13.23 

22.11 

na 

.  na 

1974 

14.43 

19.42 

42 

1.12 

1975 

12.78 

22.24 

42 

3.08 

1976 

13.93 

36.61 

54 

13.16 

1977 

15.33 

11.25 

57 

0.85 

1978 

14.50 

17.56 

49 

0.24 

1979 

13.13 

13.66 

47 

1.74 

1980 

11.16 

15.09 

63 

0.27 

1981 

10.56 

19.77 

102 

0.55 

1982 

10.41 

23.15 

175 

8.66 

1983 

11.35 

30.08 

1,031 

3.41 

1984 

13.02 

18.16 

1,433 

3.80 

1985 

10.99 

23.97 

na 

na 

1986 

9.21 

5.53 

na 

na 

Source:  U.S.  Department  of  Transportation,  United  States  Coast  Guard.  Polluting  in¬ 
cidents  in  and  around  U.S.  waters,  annual.  COMDTINST  M16450  series.  Washington, 


Note:  na>not  available. 
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Table  36 

Annual  global  surface  temperature  anomalies,  1900-1988 
(degrees  Celsius) 


Year 

Variation 

Year 

Variation 

Year 

Variation 

1900 

0.01 

1930 

-0.03 

1960 

0.00 

1901 

-0.08 

1931 

0.05 

1961 

0.11 

1902 

-0.17 

1932 

-0.01 

1962 

0.10 

1903 

-0.30 

1933 

-0.11 

1963 

0.11 

1904 

-0.39 

1934 

-0.02 

1964 

-0.15 

1905 

-0.25 

1935 

-0.06 

1965 

-0.12 

1906 

-0.15 

1936 

-0.02 

1966 

-0.02 

1907 

-0.35 

1937 

0.1 

1967 

-0.04 

1908 

-0.34 

1938 

0.14 

1968 

-0.08 

1909 

-0.25 

1939 

0.04 

1969 

0.08 

1910 

-0.25 

1940 

0.04 

1970 

0.05 

1911 

-0.30 

1941 

0.07 

1971 

-0.10 

1912 

-0.21 

1942 

0.01 

1972 

0.02 

1913 

-0.21 

1943 

0.00 

1973 

0.15 

1914 

-0.09 

1944 

0.15 

1974 

-0.11 

1915 

0.00 

1945 

0.06 

1975 

-0.08 

1916 

-0.21 

1946 

-0.08 

1976 

-0.21 

1917 

-0.40 

1947 

-0.05 

1977 

0.10 

1918 

-0.29 

1948 

-0.06 

1978 

0.03 

1919 

-0.16 

1949 

-0.06 

1979 

0.12 

1920 

■0.17 

1950 

-0.13 

1980 

0.18 

1921 

-0.12 

1951 

-0.02 

1981 

0.24 

1922 

-0.20 

1952 

0.07 

1982 

0.09 

1923 

-0.18 

1953 

0.11 

1983 

0.31 

1924 

-0.19 

1954 

-0.13 

1984 

0.10 

1925 

-0.12 

1955 

-0.14 

1985 

0.07 

1926 

0.07 

1956 

-0.23 

1986 

0.16 

1927 

-0.04 

1957 

0.07 

1987 

0.33 

1928 

-0.05 

1958 

0.12 

1988 

0.34 

1929 

-0.22 

1959 

0.05 

Source;  Jones,  P.D.  Climatic  Research  Unit,  University  of  East  Angola,  Norwich, 
United  Kingdom.  (Data  provided  by  the  Carbon  Dioxide  Analysis  Center,  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  IN). 

Note:  Global  surface  temperature  anomalies  are  relative  to  a  1957-1979  reference 
period  mean.  El  Nino/Southern  Oscillation  effects  have  not  been  removed.  Some 
climatologists  would  say  that  the  build-up  of  greenhouse  gases  in  the  atmosphere 
is  the  most  likely  cause  of  the  long-term  warming  trend,  whereas  other  climatolo¬ 
gists  would  say  that  the  recent  warming  trend  is  simply  a  manifestation  of  El  Nino/ 
Southern  Oscillation  events  in  the  Pacific. 
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Table  37 

Global  emissions  of  carbon  dioxide  from  anthropogenic  sources,  1950-1987 


(million  metric  tons  of  carbon) 


Year 

Emissions 

Year 

Emissions 

1950 

1,638 

1969 

3,809 

1951 

1,775 

1970 

4,090 

1952 

1,803 

1971 

4,241 

1953 

1,848 

1972 

4,409 

1954 

1,871 

1973 

4,647 

1955 

2,050 

1974 

4,655 

1956 

2,185 

1975 

4,628 

1957 

2,278 

1976 

4,894 

1958 

2,338 

1977 

5,033 

1959 

2,471 

1978 

5,082 

1960 

2,586 

1979 

5,365 

1961 

2,602 

1980 

5,263 

1962 

2,708 

1981 

5,129 

1963 

2,855 

1982 

5,097 

1964 

3,016 

1983 

5,088 

1965 

3,154 

1984 

5,263 

1966 

3,314 

1985 

5,382 

1967 

3,420 

1986 

5,565 

1968 

3,595 

1987 

5,650 

Source:  Martand,  G.  Oak  Ridge  National  Laboratory.  (Data  provided  by  the  Carbon  Di¬ 
oxide  Analysis  Center,  Oak  Ridge  National  Laboratory,  Oak  Ridge,  TN). 


Note:  Emissions  from  anthropogenic  sources  include  emissions  from  fossil  fuel  consump¬ 
tion,  cement  manufacturing,  and  gas  flaring. 
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Table  38 

Average  annual  concentration  of  carbon  dioxide  in  the  atmosphere,  1958-1988 
(parts  per  million  by  volume  basis) 


Year 

Mauna  Loa, 

Hawaii 

South 

Pole 

American 

Samoa 

Point  Barrow, 
Alaska 

1958 

na 

314.5 

na 

na 

1959 

316.1 

315.5 

na 

na 

1960 

317.0 

316.9 

na 

na 

1961 

317.7 

317.7 

na 

na 

1962 

318.6 

318.1 

na 

na 

1963 

319.1 

318.1 

na 

na 

1964 

319.6 

318.3 

na 

na 

1965 

320.4 

319.3 

na 

na 

1966 

321.1 

320.6 

na 

na 

1967 

322.0 

321.3 

na 

na 

1968 

322.8 

321.6 

na 

na 

1969 

324.2 

322.4 

na 

na 

1970 

325.5 

324.1 

na 

na 

1971 

326.5 

324.8 

na 

na 

1972 

327.6 

325.9 

na 

na 

1973 

329.8 

327.4 

na 

327.9 

1974 

330.4 

328.3 

na 

332.6 

1975 

331.0 

329.3 

na 

333.3 

1976 

332.1 

330.4 

330.6 

333.7 

1977 

333.6 

331.8 

332.5 

334.7 

1978 

335.2 

333.6 

335.3 

336.7 

1979 

336.5 

334.8 

336.3 

337.9 

1980 

338.4 

336.9 

338.0 

339.9 

1981 

339.5 

338.1 

338.3 

341.7 

1982 

340.8 

339.3 

340.3 

342.8 

1983 

342.8 

341.0 

341.6 

344.1 

1984 

344.3 

342.4 

343.3 

346.0 

1985 

345.7 

343.7 

344.4 

347.0 

1986 

346.9 

345.2 

345.9 

348.7 

1987 

348.6 

346.8 

347.6 

349.8 

1988 

351.2 

348.5 

349.7 

352.9 

Source:  Keeling,  C.D.  Scripps  Institution  of  Oceanography,  La  Jolla,  CA.  (Data  provid¬ 
ed  by  the  Carbon  Dioxide  Information  Analysis  Center,  Oak  Ridge  National  Laboratory, 
Oak  Ridge,  TN). 

Thoning,  K.W.  Cooperative  Institute  for  Research  in  Environmental  Studies,  University 
of  Colorado,  Boulder,  CO.  (Data  provided  by  the  Carbon  Dioxide  Information  Analysis 
Center,  Oak  Ridge  National  Laboratory,  Oak  Ridge,  TN). 

Note;  na>not  available. 
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Table  39 

Global  annual  releases  of  chlorofluorocarbons,  1931-1988 


(million  kilograms) 


Year 

CFC-11 

CFC-12 

Year 

CFC-11 

CFC-12 

1931 

0.0 

0.1 

1960 

40.5 

89.1 

1932 

0.0 

0.1 

1961 

52.1 

99.7 

1933 

0.0 

0.1 

1962 

65.4 

114.5 

1934 

0.0 

0.2 

1963 

80.0 

133.9 

1935 

0.0 

0.3 

1964 

95.0 

155.5 

1936 

0.0 

0.5 

1965 

108.3 

175.4 

1937 

0.0 

0.8 

1966 

121.3 

195.0 

1938 

0.1 

1.2 

1967 

137.6 

219.9 

1939 

0.1 

1.7 

1968 

156.8 

246.5 

1940 

0.1 

2.3 

1969 

181.9 

274.3 

1941 

0.1 

3.0 

1970 

206.6 

299.9 

1942 

0.1 

3.7 

1971 

226.9 

321.8 

1943 

0.2 

4.5 

1972 

255.8 

349.9 

1944 

0.2 

6.1 

1973 

292.4 

387.3 

1945 

0.3 

8.0 

1974 

321.4 

418.6 

1946 

0.6 

13.9 

1975 

310.9 

404.1 

1947 

1.3 

21.3 

1976 

316.7 

390.4 

1948 

2.3 

24.8 

1977 

303.9 

371.2 

1949 

3.8 

26.6 

1978 

283.6 

341.3 

1950 

5.5 

29.5 

1979 

263.7 

337.5 

1951 

7.6 

32.4 

1980 

250.8 

332.5 

1952 

11.0 

33.7 

1981 

248.2 

340.7 

1953 

15.0 

37.9 

1982 

239.5 

337.4 

1954 

18.6 

42.9 

1983 

252.8 

343.3 

1955 

23.0 

48.2 

1984 

271.1 

359.4 

1956 

28.7 

56.1 

1985 

280.8 

368.4 

1957 

32.2 

63.8 

1986 

295.1 

376.5 

1958 

30.2 

66.9 

1987 

310.6 

386.5 

1959 

30.9 

74.8 

1988 

314.5 

392.8 

Source;  Chemical  Manufacturers  Association.  1989.  Production,  sales,  and  calculated 
release  of  CFC-11  and  CFC-12  through  1988,  table  3.  Washington,  D  C. 

Note;  Data  are  supplied  by  reporting  companies  participating  in  the  Chemical  Manu¬ 
facturers  Association's  chlorofluorocarbon  research  program. 
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Table  40 

Global  concentrations  of  atmospheric  trace  gases.  1975-1985 

Nitrogen 


Year 

CFC-11 

(ppt) 

CFC-12 

(ppt) 

dioxide 

(ppb) 

Methane 

(ppb) 

1975 

120 

200 

291.4 

1,525 

1976 

133 

217 

293.3 

1,555 

1977 

148 

239 

294.6 

1,573 

1978 

159 

266 

296.4 

1,596 

1979 

167 

283 

296.3 

1,619 

1980 

179 

307 

297.6 

1,639 

1981 

185 

315 

298.5 

1,656 

1982 

193 

330 

301.0 

1,671 

1983 

205 

350 

300.9 

1,663 

1984 

213 

366 

300.4 

1,689 

1985 

223 

384 

301.5 

1,711 

Source:  Rasmussen,  R.A.  &  M.A.K.  Khalil.  1966.  Atmospheric  trace  gases;  trends  and 
distributions  over  the  last  decade.  Science,  232: 1623-1624. 


Notes;  ppt«parts  per  trillion,  ppb-parts  per  billion. 


Table  41 

National  ambient  concentrations  of  criteria  air  pollutants,  1975-1987 


Sulfur 

Carbon 

Nitrogen 

dioxide  i 

monoxide 

Ozone 

dioxide 

TSP 

Lead 

Year 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ug/m3) 

(mg/m3) 

1975 

0.0154 

11.96 

0.153 

0.029 

61.9 

1.04 

1976 

0.0156 

11.32 

0.153 

0.029 

62.8 

1.05 

1977 

0.0138 

10.66 

0.155 

0.029 

62.9 

1.16 

1978 

0.0129 

10.17 

0.156 

0.029 

62.4 

1.04 

1979 

0.0122 

9.80 

0.142 

0.029 

63.4 

0.79 

1980 

0.0108 

9.08 

0.145 

0.028 

64.8 

0.55 

1981 

0.0104 

8.82 

0.131 

0.027 

60.2 

0.44 

1982 

0.0980 

8.13 

0.128 

0.026 

50.2 

0.47 

1983 

0.0094 

8.02 

0.145 

0.025 

49.7 

0.39 

1984 

0.0095 

8.00 

0.130 

0.026 

50.9 

0.35 

1985 

0.0089 

7.19 

0.127 

0.025 

48.5 

0.23 

1986 

0.0086 

7.21 

0.123 

0.025 

48.4 

0.15 

1987 

0.0084 

6.88 

0.129 

0.025 

49.4 

0.12 

Source:  U.S.  Environmental  Protection  Agency,  Office  of  Air  Quality  Planning  and  Stan- 

dards.  1989.  National  air  quality  and  emissions  trends  report,  1987.  EPA-450/4-09-001 . 

Research  Triangle  Park, 

NC. 

Notes;  ppm 

•parts  per  million.  ug/m3> 

•micrograms  per  cubic  meter.  mg/m3-milligrams  per 

cubic  meter.  TSP>total  suspended  particulates. 

Sulfur  dioxide  and  nitrogen  dioxide  re- 

cords  are  arthmetic  means.  Carbon  monoxide  and  ozone  records  are  second  maximum 

readings  over  8-  and  24 

-  hour  periods,  respectively.  TSP  records  are  geometric  means. 

Lead  records  are  maximum  quarterly  recordings. 
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Table  42 

U.S.  emissions  of  aiteria  air  poilutants,  by  source,  1940-1987 
(million  metric  tons) 


Sulfur  dioxide 


Year 

Transpor¬ 

tation 

Fuel  com¬ 
bustion 

Industrial 

processes 

Solid 

waste 

Miscel¬ 

laneous 

Total 

1940 

2.9 

11.0 

3.7 

0.0 

0.5 

17.6 

1950 

2.3 

12.9 

4.6 

0.0 

0.5 

19.8 

1960 

0.4 

14.0 

5.3 

0.0 

0.5 

19.7 

1970 

0.6 

21.3 

6.4 

0.0 

0.1 

28.3 

1975 

0.6 

20.3 

4.7 

0.0 

0.0 

25.6 

1976 

0.7 

20.9 

4.6 

0.0 

0.0 

26.2 

1977 

0.8 

21.5 

4.7 

0.0 

0.0 

26.9 

1978 

0.8 

19.9 

4.3 

0.0 

0.0 

25.0 

1979 

0.9 

19.8 

4.4 

0.0 

0.0 

25.1 

1980 

0.9 

19.3 

3.8 

0.0 

0.0 

23.9 

1981 

0.9 

18.8 

3.9 

0.0 

0.0 

23.5 

1982 

0.8 

17.8 

3.3 

0.0 

0.0 

22.0 

1983 

0.8 

17.4 

3.3 

0.0 

0.0 

21.5 

1984 

0.8 

17.9 

3.3 

0.0 

0.0 

22.1 

1985 

0.9 

17.6 

3.2 

0.0 

0.0 

21.6 

1986 

0.9 

17.2 

3.1 

0.0 

0.0 

21.2 

1987 

0.9 

16.4 

3.1 

0.0 

0.0 

20.4 

Nitrogen  oxides 


Year 

T  ranspor- 
tation 

Fuel  com¬ 
bustion 

Industrial 

processes 

Solid 

waste 

Miscel¬ 

laneous 

Total 

1940 

2.2 

3.4 

0.2 

0.1 

0.9 

6.8 

1950 

3.5 

4.7 

0.2 

0.6 

9.3 

1960 

4.9 

6.7 

0.5 

0.3 

0.4 

12.8 

1970 

7.6 

9.1 

0.7 

0.4 

0.3 

18.1 

1975 

8.9 

9.4 

0.7 

0.1 

0.1 

19.2 

1976 

9.3 

10.0 

0.7 

0.1 

0.2 

20.3 

1977 

9.5 

10.4 

0.7 

0.1 

0.2 

21.0 

1978 

9.7 

10.3 

0.7 

0.1 

0.2 

21.1 

1979 

9.5 

10.5 

0.7 

0.1 

0.2 

21.0 

1980 

9.2 

10.1 

0.7 

0.1 

0.2 

20.3 

1981 

9.3 

10.0 

0.6 

0.1 

0.2 

20.3 

1982 

8.9 

9.9 

0.5 

0.1 

0.1 

19.5 

1983 

8.6 

9.6 

0.5 

0.1 

0.2 

19.1 

1984 

8.7 

10.2 

0.6 

0.1 

0.2 

19.7 

1985 

8.8 

10.2 

0.6 

0.1 

0.1 

19.7 

1986 

8.5 

10.0 

0.6 

0.1 

0.1 

19.3 

1987 

8.4 

10.3 

0.6 

0.1 

0.1 

19.5 

continued 
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Table  42  (continued) 


Volatile  organic  compounds 


Year 

T  ranspor- 
tation 

Fuel  com¬ 
bustion 

Industrial 

processes 

Solid 

waste 

Miscel¬ 

laneous 

Total 

1940 

5.2 

4.7 

3.3 

0.9 

4.6 

18.6 

1950 

7.9 

•  3.1 

5.4 

1.0 

3.6 

21.0 

1960 

11.1 

1.9 

6.3 

1.4 

3.1 

23.8 

1970 

12.4 

1.1 

8.9 

1.8 

3.3 

27.5 

1975 

10.3 

1.0 

8.1 

0.9 

2.5 

22.8 

1976 

10.4 

1.2 

8.7 

0.8 

2.9 

24.0 

1977 

10.0 

1.4 

9.3 

0.8 

2.8 

24.1 

1978 

9.7 

1.6 

9.9 

0.8 

2.7 

24.7 

1979 

8.9 

1.9 

9.8 

0.7 

2.9 

24.3 

1980 

8.2 

2.2 

9.2 

0.6 

2.9 

23.0 

1981 

7.9 

2.3 

8.3 

0.6 

2.5 

21.6 

1982 

7.4 

2.5 

7.4 

0.6 

2.2 

20.1 

1983 

7.3 

2.6 

7.8 

0.6 

2.7 

20.9 

1984 

7.3 

2.6 

8.7 

0.6 

2.7 

21.9 

1985 

6.7 

2.3 

8.4 

0.6 

2.2 

20.3 

1986 

6.5 

2.3 

7.9 

0.6 

2.2 

19.5 

1987 

6.0 

2.3 

8.3 

0.6 

2.4 

19.6 

Total  suspended  particulates 


Year 

Transpor¬ 

tation 

Fuel  com¬ 
bustion 

Industrial 

processes 

Solid 

waste 

Miscel¬ 

laneous 

Total 

1940 

2.7 

7.5 

8.7 

0.5 

3.7 

23.1 

1950 

2.1 

7.0 

12.7 

0.6 

2.5 

24.9 

1960 

0.7 

5.7 

12.5 

0.9 

1.8 

21.6 

1970 

1.2 

4.6 

10.5 

1.1 

1.1 

18.5 

1975 

1.4 

2.7 

5.0 

0.6 

0.7 

10.4 

1976 

1.4 

2.5 

4.4 

0.4 

1.0 

9.7 

1977 

1.4 

2.5 

4.0 

0.4 

0.8 

9.1 

1978 

1.4 

2.5 

4.0 

0.4 

0.8 

9.1 

1979 

1.4 

2.5 

3.8 

0.4 

0.9 

8.9 

1980 

1.3 

2.4 

3.3 

0.4 

1.1 

8.5 

1981 

1.3 

2.3 

2.6 

0.4 

0.9 

8.0 

1982 

1.3 

2.2 

2.4 

0.3 

0.7 

7.1 

1983 

1.3 

2.0 

2.4 

0.3 

1.1 

7.1 

1984 

1.3 

2.1 

2.8 

0.3 

0.9 

7.4 

1985 

1.4 

1.8 

2.8 

0.3 

0.8 

7.0 

1986 

1.4 

1.8 

2.5 

0.3 

0.8 

6.8 

1987 

1.4 

1.8 

2.5 

0.3 

1.0 

7.0 

continued 
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Table  42  (continued) 


Carbon  monoxide 


Year 

Transpor¬ 

tation 

Fuel  com¬ 
bustion 

Industrial 

processes 

Solid 

waste 

Miscel¬ 

laneous 

Total 

1940 

29.3 

15.9 

6.6 

3.3 

26.5 

81.6 

1950 

43.6 

11.4 

10.5 

4.3 

16.5 

86.3 

1960 

57.0 

7.0 

9.3 

5.1 

10.0 

88.3 

1970 

71.8 

4.4 

8.9 

6.4 

7.2 

98.7 

1975 

62.0 

4.4 

6.9 

3.1 

4.8 

81.2 

1976 

64.3 

4.7 

7.1 

2.7 

7.1 

85.9 

1977 

61.0 

5.1 

7.3 

2.6 

5.8 

81.8 

1978 

61.6 

5.8 

7.2 

2.5 

5.7 

82.4 

1979 

56.9 

6.6 

7.1 

2.3 

6.5 

79.4 

1980 

53.5 

7.3 

6.3 

2.2 

7.6 

77.0 

1981 

52.5 

7.5 

5.9 

2.1 

6.4 

74.4 

1982 

50.0 

8.0 

4.4 

2.0 

4.9 

69.4 

1983 

49.3 

7.9 

4.4 

1.9 

7.7 

71.3 

1984 

47.6 

8.1 

4.8 

1.9 

6.3 

68.7 

1985 

45.5 

7.2 

4.6 

2.0 

5.3 

64.6 

1986 

42.8 

7.2 

4.5 

1.7 

5.0 

61.1 

1987 

40.7 

7.2 

4.7 

1.7 

7.1 

61.4 

Source;  U.S.  Environmental  Protection  Agency,  Office  of  Air  Quality  Planning  and  Stan¬ 
dards.  1989.  National  air  quality  and  emissions  trends  report.  1987.  EPA-450/4-09-001 . 
Research  Triangle  Park,  NC. 


Table  43 

U.S.  emissions  of  lead,  by  source,  1970-1987 
(thousand  metric  tons) 


Year 

Transpor¬ 

tation 

Fuel  com¬ 
bustion 

Industrial 

processes 

Solid 

waste 

Total 

1970 

163.6 

9.6 

23.9 

6.7 

203.8 

1975 

122.6 

9.3 

10.3 

4.8 

147.0 

1976 

132.4 

8.3 

8.1 

4.3 

153.1 

1977 

124.2 

7.2 

5.7 

4.1 

141.2 

1978 

112.4 

6.1 

5.4 

4.0 

127.9 

1979 

94.6 

4.9 

5.2 

4.0 

108.7 

1980 

59.4 

3.9 

3.6 

3.7 

70.6 

1981 

46.4 

2.8 

3.0 

3.7 

55.9 

1982 

46.9 

1.7 

2.7 

3.1 

54.4 

1983 

40.7 

0.6 

2.4 

2.6 

46.3 

1984 

34.7 

0.5 

2.3 

2.6 

40.1 

1985 

15.5 

0.5 

2.3 

2.8 

21.1 

1986 

3.5 

0.5 

1.9 

2.7 

8.6 

1987 

3.0 

0.5 

2.0 

2.6 

8.1 

Source;  U.S.  Environmental  Protection  Agency,  Office  of  Air  Quality  Planning  and  Stan¬ 
dards.  1989.  National  air  quality  and  emissions  trends  report,  1987.  EPA-450/4-09-001 . 
Research  Triangle  Park,  NC. 
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I 


Table  44 

Ownership  of  land  in  the  United  States,  1955-1987 


Federal 


Year  (million  acres)  (percent) 


Norifederal 


(million  acres)  (percent) 


Total 
(million  acres) 


1 955  408  21.4 

I960  772  33.9 

1965  766  33.5 

1970  761  33.5 

1975  760  33.5 

1980  720  31.7 

1985  727  32.0 

1987  724  31.9 


1,496 

78.6 

1,904 

1,502 

66.1 

2,273 

1,506 

66.5 

2,271 

1,510 

66.5 

2,271 

1,511 

66.5 

2,271 

1,552 

68.3 

2,271 

1,545 

68.0 

2,271 

1,547 

68.1 

2,271 

Source;  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Statistical  abstract  of 
the  United  States,  annual.  Washington.  D.C. 


Table  45 

Major  uses  of  land,  1900-1987 
(million  acres) 


Year 

Cropland 

Grazing 

land 

Forest 

land 

Special 

use 

Other 

land 

Total 

1900 

319 

832 

719 

na 

400 

1,904 

1910 

347 

814 

562 

na 

424 

1,904 

1920 

402 

750 

567 

86 

330 

1,904 

1930 

413 

708 

607 

na 

416 

1,904 

1940 

399 

723 

602 

99 

327 

1,904 

1959 

359 

633 

728 

146 

306 

2,271 

1969 

333 

604 

723 

306 

293 

2,264 

1974 

361 

598 

718 

182 

301 

2,264 

1978 

369 

587 

703 

158 

345 

2,264 

1982 

383 

597 

655 

270 

274 

2,265 

1987 

464 

588 

652 

279 

282 

2,265 

Source:  U.S.  Department  of  Agriculture,  Economic  Research  Service.  Major  uses  of 
land  in  the  United  States.  AER  535  and  earlier  issues  in  this  series.  Washington,  D  C. 

Notes;  The  total  land  area  of  the  United  States  increased  in  1959  with  the  addition 
of  Alaska  and  Hawaii  as  states.  Other  changes  in  total  land  area  result  from  refine¬ 
ments  in  measuring  techniques.  Within  category  changes  result  from  gains  and  losses 
from  bases.  The  estimates  for  different  years  are  not  strictly  comparable. 


Table  46 

Special  uses  of  land,  1949-1987 


(million  acres) 


Urban 

18 

24 

31 

35 

na 

na 

na 

Transportation 

24 

25 

26 

26 

27 

27 

26 

Recreation 

40 

44 

49 

52 

57 

116 

128 

Wildlife 

17 

17 

32 

36 

41 

95 

96 

National  defense  &  industrial 

26 

26 

26 

25 

25 

24 

21 

Farmsteads  &  farm  roads 

10 

10 

8 

8 

8 

8 

6 

Total 

136 

146 

172 

182 

158 

270 

279 

Source;  U.S.  Department  of  Agriculture,  Economic  Research  Service.  Major  uses  of 
land  in  the  United  States.  AER  535  and  earlier  issues  in  this  series.  Washington,  D.C. 


Table  47 

Number  of  farms  and  land  in  farms,  1860-1987 


Year 

Number 

(million) 

Land 
(billion  acres) 

Year 

Number 

(million) 

Land 
(billion  aaes) 

1860 

2.000 

na 

1945 

5.859 

1.142 

1880 

4.000 

na 

1950 

5.388 

1.161 

1890 

4.565 

na 

1954 

4.783 

1.160 

1900 

5.740 

0.839 

1959 

3.708 

1.123 

1910 

6.366 

0.879 

1964 

3.158 

1.110 

1920 

6.454 

0.956 

1969 

2.730 

1.063 

1925 

6.372 

na 

1974 

2.314 

1.017 

1930 

6.295 

0.990 

1978 

2.258 

1.015 

1935 

6.812 

na 

1982 

2.241 

0.987 

1940 

6.102 

1.065 

1987 

2.088 

0.964 

Source:  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  1976.  Historical  statis¬ 
tics  of  the  United  States;  Colonial  times  to  1970.  Washington,  D.C. 


U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Census  of  agriculture  for  1987 
and  earlier  years.  Washington,  D.C. 

Note;  na=not  available. 
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I  able  48 

Number  of  farms  and  land  in  farms,  by  farm  size,  1900-1987 


Farm  size 


1-49  acres 

50-499  acres 

500  99gaaes 

1  ,oo0+  acres 

Number 

Land 

Number 

Land 

Number 

Land 

Number 

Land 

(millions) 

(million 

(millions) 

(million 

(millions) 

(million 

(millions) 

(million 

Year 

acres) 

acres) 

acres) 

acres) 

1900 

1.93 

49 

3.37 

520 

0.10 

68 

0.05 

200 

1910 

2.25 

49 

3.93 

570 

0.13 

84 

0.05 

167 

1920 

2.31 

59 

3.93 

580 

0.15 

100 

0.07 

221 

1925 

2.42 

57 

3.75 

550 

0.14 

97 

0.06 

224 

1930 

2.36 

56 

3.69 

550 

0.16 

109 

0.08 

277 

1935 

2.69 

59 

3.86 

540 

0.17 

114 

0.09 

310 

1940 

2.29 

50 

3.55 

540 

0.16 

112 

0.10 

366 

1945 

2.25 

47 

3.32 

520 

0.17 

119 

0.11 

460 

1950 

1.97 

39 

3.12 

500 

0.18 

126 

0.12 

495 

1954 

1.70 

32 

2.76 

460 

0.19 

132 

0.13 

531 

1959 

1.06 

22 

2.32 

410 

0.20 

137 

0.14 

555 

1964 

0.82 

17 

1.98 

360 

0.21 

145 

0.15 

585 

1969 

0.64 

14 

1.73 

320 

0.22 

148 

0.15 

578 

1974 

0.51 

11 

1.44 

273 

0.21 

142 

0.16 

590 

1978 

0.54 

12 

1.34 

256 

0.21 

147 

0.16 

600 

1982 

0.64 

13 

1.24 

233 

0.20 

141 

0  16 

600 

1987 

0.59 

12 

0.87 

212 

0.20 

139 

0.17 

602 

Source;  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  1976.  Historical  statis¬ 
tics  of  the  United  States;  Colonial  times  to  1970.  Washington,  D.C. 


U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Census  of  agriculture  for  1987 
and  earlier  years.  Washington,  D.C. 


Table  49 

Prime  farmland,  by  land  cover  type,  1977-1987 


(million  acres) 


Use 

1977 

1982 

1987 

Cropland 

230 

233 

232 

Pastureland 

40 

39 

37 

Rangeland 

22 

20 

19 

Forest  land 

42 

45 

45 

Minor  land 

11 

7 

7 

Total 

345 

340 

339 

Source;  U.S.  Department  of  Agriculture,  Soil  Conservation  Service  &  low/a  State  Uni¬ 
versity  Statistical  Laboratory.  Natural  resources  inventory:  1977, 1982,  and  1987. 
Washington,  D.C. 
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Table  50 

Major  uses  of  cropland,  1945-1989 


(million  acres) 


Cropland  used  for  crops 

Year 

Har¬ 

vested 

Failed 

Summer 

fallow 

Idle 

Cropland 

pasture 

Total 

1945 

353 

10 

40 

na 

47 

454 

na 

1949 

352 

9 

26 

22 

67 

478 

na 

1954 

339 

13 

28 

19 

66 

465 

na 

1959 

317 

10 

31 

33 

66 

457 

22.5 

1964 

292 

6 

37 

52 

57 

444 

55.0 

1969 

286 

6 

41 

51 

88 

472 

57.5 

1974 

322 

8 

31 

21 

83 

465 

2.7 

1978 

330 

7 

32 

26 

76 

471 

18.3 

1982 

347 

5 

31 

21 

65 

469 

11.1 

1986 

316 

8 

32 

na 

na 

na 

48.1 

1987 

293 

6 

32 

68 

65 

465 

76.2 

1988 

287 

10 

30 

na 

na 

na 

77.6 

1989 

306 

8 

27 

na 

na 

na 

59.5 

Source:  U.S.  Department  of  Agricuiture,  Economic  Research  Service.  Cropland,  water 
and  conservation  situation  and  outiook  report,  annual.  Washington,  D.C. 


Notes:  Acres  of  idle  cropland,  cropland  pasture,  and  total  cropland  are  estimated  only 
for  years  coinciding  with  Census  of  Agricuiture  years.  Data  are  for  the  48  conterminous 
United  States.  Cropiand  diversions  occurred  under  federal  farm  progretms.  Data  for  1989 
are  preliminary. 


Table  51 

Cropland  erosion,  1977-1987 


(average  annual  tons  per  acre) 


Sheet  and  rill  erosion  I 

Wind  erosion 

Year 

Cultivated 

cropland 

Uncultivated 

cropland 

Average 

Cultivated 

cropland 

Uncultivated 

cropland 

Average 

1977 

5.1 

3.4 

4.7 

6.0 

1.9 

5.3 

1982 

4.7 

0.8 

4.3 

3.4 

0.4 

3.1 

1987 

4.1 

0.9 

3.8 

3.6 

0.7 

3.3 

Source:  U.S.  Department  of  Agriculture,  Soil  Consen/ation  Senrice.  National  resources 
inventory:  1977, 1982,  and  1987.  Washington,  D.C. 


Notes:  Data  for  1977  are  not  strictly  comparable  with  data  for  1982  and  1987  because 
of  different  reporting  categories. 
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Table  52 

Agricultural  productivity  indexes,  1969-1988 


Index  (1977-100) 


Year 


_ Inputs _ 

Labor  Mechanical  Chemical 


Total 


Output 


P.-c 

ductivit' 


1969 

118 

86 

73 

97 

85 

88 

1970 

112 

85 

75 

97 

84 

87 

1971 

108 

87 

81 

98 

92 

94 

1972 

110 

86 

86 

97 

91 

94 

1973 

109 

90 

90 

98 

93 

95 

1974 

109 

92 

92 

98 

88 

90 

1975 

106 

96 

83 

96 

95 

99 

1976 

100 

98 

96 

99 

97 

98 

1977 

100 

100 

100 

100 

100 

100 

1978 

100 

104 

107 

102 

104 

102 

1979 

99 

104 

123 

105 

111 

109 

1980 

96 

101 

123 

103 

104 

101 

1981 

96 

98 

129 

102 

118 

116 

1982 

93 

94 

118 

99 

116 

118 

1983 

97 

89 

105 

97 

96 

99 

1984 

92 

88 

121 

95 

112 

118 

1985 

85 

83 

123 

92 

118 

128 

1986 

80 

75 

110 

87 

111 

127 

1987 

78 

72 

111 

86 

110 

128 

1988 

75 

71 

113 

85 

102 

120 

Source:  U.S.  Department  of  Agriculture,  Economic  Research  Service.  Economic  indica¬ 
tors  of  the  farm  sector:  Production  and  efficiency  statistics,  annual.  Washington,  O.C. 
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Table  53 

Farm  fuel  use,  1974-1989 


(billions  of  gallons) 


Year 

Gasoline 

Diesel 

LP  gas 

1974 

3.7 

2.6 

1.4 

1975 

4.5 

2.4 

1.0 

1976 

3.9 

2.8 

1.2 

1977 

3.8 

2.9 

1.1 

1978 

3.6 

3.2 

1.3 

1979 

3.4 

3.2 

1.1 

1980 

3.0 

3.2 

1.1 

1981 

2.7 

3.1 

1.0 

1982 

2.4 

2.9 

1.1 

1983 

2.3 

3.0 

0.9 

1984 

2.1 

3.0 

0.9 

1985 

1.9 

2.9 

0.9 

1986 

1.7 

2.9 

0.7 

1987 

1.5 

3.0 

0.6 

1988 

1.6 

2.8 

0.6 

1989 

1.6 

3.2 

0.6 

Source:  U.S.  Department  of  Agriculture,  Economic  Research  Sen/ice.  Agricultural  re¬ 
sources:  Inputs  outlook  and  situation  report,  periodic.  Washington,  D.C. 


Note:  Data  for  1989  are  preliminary. 
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Table  54 

Farm  fertilizer  use,  1939-1989 


(millions  of  tons  of  primary  nutrients  -  nitrogen,  phosphorus,  and  potash) 


Year 

Amount 

Year  Amount 

Year 

Amount 

1939 

1.6 

1956 

6.1 

1973 

18.0 

1940 

1.8 

1957 

6.4 

1974 

19.3 

1941 

1.9 

1958 

6.5 

1975 

17.6 

1942 

2.1 

1959 

7.4 

1976 

20.8 

1943 

2.4 

1960 

7.5 

1977 

22.1 

1944 

2.6 

1961 

7.8 

1978 

20.6 

1945 

2.7 

1962 

8.4 

1979 

22.6 

1946 

3.1 

1963 

9.5 

1980 

23.1 

1947 

3.3 

1964 

10.5 

1981 

23.7 

1948 

3.6 

1965 

11.0 

1982 

21.4 

1949 

3.9 

1966 

12.4 

1983 

18.1 

1950 

4.1 

1967 

14.0 

1984 

21.8 

1951 

4.7 

1968 

15.0 

1985 

21.7 

1952 

5.2 

1969 

15.5 

1986 

19.7 

1953 

5.6 

1970 

16.1 

1987 

19.1 

1954 

5.9 

1971 

17.2 

1988 

19.6 

1955 

6.1 

1972 

17.2 

1989 

19.6 

Source:  U.S.  Department  of  Agriculture,  Economic  Research  Service.  Agricultural  re¬ 
sources:  Inputs  outlook  and  situation  report,  periodic.  Washington,  D.C. 


Table  55 

Farm  pesticide  use,  1964-1989 


(million  pounds  of  active  ingredients) 


Year 

Herbicides 

Insecticides 

Other 

Total 

1964 

76 

143 

72 

291 

1966 

112 

138 

78 

328 

1971 

207 

127 

130 

464 

1976 

374 

130 

146 

650 

1982 

451 

71 

30 

552 

1986 

410 

59 

6 

475 

1987 

365 

57 

7 

429 

1988 

372 

60 

8 

440 

1989 

394 

61 

8 

463 

Source; 

U.S.  Department  of  Agriculture,  Economic  Research  Service.  Inputs  outlook 

and  situation  report,  periodic.  Washington,  D.C. 

Notes;  For  the  years  1964, 1966,  1972,  and  1976,  estimates  of  pesticide  use  are  for 
total  use  on  all  crops  and  livestock  in  the  United  States.  The  1982  estimates  are  for 
major  field  and  forage  crops  only  ctnd  represent  33  major  producing  states,  excluding 
California.  The  1986-1989  estimates  are  for  10  major  field  crops. 
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Table  56 

Irrigated  farmland,  1900-1987 


(million  acres) 


Year 

Leading  irrigation  states 

All  other  states 

Total 

1900 

7.5 

0.3 

7.8 

1910 

11.3 

0.4 

11.7 

1920 

13.9 

0.6 

14.5 

1930 

14.1 

0.6 

14.7 

1940 

17.2 

0.7 

18.0 

1950 

24.3 

1.5 

25.8 

1959 

30.7 

2.4 

33.2 

1964 

33.2 

3.8 

37.1 

1969 

34.8 

4.3 

39.1 

1974 

37:0 

4.0 

41.0 

1978 

47.8 

2.6 

50.4 

1982 

46.1 

2.9 

49.0 

1984 

42.1 

2.6 

44.7 

1987 

45.9 

6.0 

51.9 

Source:  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  Census  of  agriculture 
and  other  special  ranch  and  irrigation  surveys.  Washington,  D.C. 

Notes:  Leading  irrigation  states  for  1900-1974  are  the  17  Western  states:  Arizona, 
California,  Colorado,  Idaho,  Kansas,  Montana,  Nebraska,  Nevada,  New  Mexico,  North 
Dakota,  Oklahoma,  Oregon,  South  Dakota,  Texas,  Utah,  Washington,  and  Wyoming. 
Leading  states  for  1978  and  1982  are  the  17  Western  States  plus  Florida,  Georgia, 
and  Louisiana.  Leading  states  for  1984  and  1987  are  the  17  Western  states  plus  Ar¬ 
kansas,  Georgia,  and  Louisiana.  All  other  states  are  conterminous  states. 


Table  57 

Rangeland  condition,  1936-1988 
(percentage  of  total  acreage) 

Nonfederal  rangeland  I  BLM  rangeland 


Condition 

1963 

1977 

1982 

1987 

1936  1966  1975  1988 

Excellent 

5 

12 

4 

3 

2 

2 

2 

4 

Good 

15 

28 

30 

30 

14 

17 

15 

30 

Fair 

40 

42 

45 

47 

48 

52 

50 

38 

Poor 

40 

18 

16 

14 

36 

30 

33 

17 

Other 

na 

na 

5 

6 

na 

na 

na 

11 

Source:  U.S.  Department  of  Agriculture,  Soil  Conservation  Service.  National  resources 
inventory:  1977, 1982,  and  1987;  and  earlier  surveys.  Washington,  D.C. 

U.S.  Department  of  the  Interior,  Bureau  of  Land  Management.  Public  land  statistics, 
annual.  Washington,  D.C. 

Notes:  BLM-Bureau  of  Land  Management,  na-not  available.  Data  are  not  strictly  com¬ 
parable  because  of  different  survey  methods. 
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Table  58 

Forest  cxjnditions,  1930-1989 
(million  acres) 


Year 

Wildfire 

damage 

Reforestation 

Year 

Wildfire 

damage 

Reforestation 

1930 

52.3 

0.14 

1969 

6.7 

1.43 

1940 

25.9 

0.52 

1970 

3.3 

1.60 

1950 

15.5 

0.50 

1971 

4.3 

1.69 

1951 

10.8 

0.45 

1972 

2.6 

1.68 

1952 

14.2 

0.52 

1973 

1.9 

1.75 

1953 

10.0 

0.71 

1974 

2.9 

1.60 

1954 

8.8 

0.81 

1975 

1.8 

1.93 

1955 

8.1 

0.78 

1976 

5.1 

1.89 

1956 

6.6 

0.89 

1977 

3.2 

1.98 

1957 

3.4 

1.14 

1978 

3.9 

2.09 

1958 

3.3 

1.53 

1979 

3.0 

2.06 

1959 

4.2 

2.12 

1980 

5.3 

2.27 

1960 

4.5 

2.14 

1981 

4.8 

1.93 

1961 

3.0 

1.76 

1982 

2.4 

2.37 

1962 

4.1 

1.37 

1983 

5.1 

2.45 

1963 

7.1 

1.33 

1984 

3.0 

2.55 

1964 

4.2 

1.31 

1985 

5.2 

2.70 

1965 

2.7 

1.29 

1986 

3.2 

2.75 

1966 

4.6 

1.28 

1987 

5.0 

3.03 

1967 

4.7 

1.37 

1988 

5.7 

3.39 

1968 

4.2 

1.44 

1989 

1.5p 

na 

Source;  U.S.  Department  of  Agriculture,  Forest  Service.  Wildfire  statistics,  annual. 
Washington,  D.C. 


U.S.  Department  of  Agriculture,  Forest  Service.  U.S.  forest  planting  report,  annual. 
Washington,  D.C. 

Notes:  Reforestation  refers  to  acres  planted  in  seedlings  and  directed  seeded.  p=pre- 
liminary  estimates  reported  to  the  Boise  Interagency  Fire  Center  as  of  September  1989. 
na=not  available. 
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Table  59 

Forest  land  damaged  by  insects,  1968-1988 

(million  acres) 

Year 

Eastern 

spruce 

budworm 

Western 

spruce 

budworm 

Gypsy 

moth 

Mountain 

pine 

beetle 

Southern 

pine 

beetle 

1968 

1.3 

5.3 

0.1 

na 

na 

1969 

1.2 

4.6 

0.3 

na 

na 

1970 

2.0 

4.0 

1.0 

na 

na 

1971 

1.6 

4.8 

1.9 

na 

na 

1972 

2.8 

5.5 

1.4 

na 

na 

1973 

4.2 

4.4 

1.8 

na 

na 

1974 

10.8 

5.5 

0.8 

na 

na 

1975 

9.2 

5.3 

0.5 

na 

na 

1976 

9.1 

5.8 

0.9 

na 

na 

1977 

10.3 

6.5 

1.6 

na 

na 

1978 

7.7 

5.2 

1.3 

4.0 

na 

1979 

6.6 

5.0 

0.6 

4.4 

15.0 

1980 

6.6 

4.0 

5.0 

4.7 

12.1 

1981 

4.5 

5.5 

12.9 

4.7 

0.9 

1982 

4.2 

8.7 

8.2 

4.2 

7.3 

1983 

6.5 

11.0 

2.4 

3.6 

11.4 

1984 

6.1 

10.6 

1.0 

3.3 

na 

1985 

5.2 

12.8 

1.7 

3.3 

15.5 

1986 

1.0 

13.2 

2.4 

3.5 

26.4 

1987 

0.8 

8.0 

1.3 

2.4 

13.8 

1988 

0.3 

6.1 

0.7 

2.2 

7.9 

Source;  U.S.  Department  of  Agriculture.  Forest  Service,  Forest  Pest  Management. 
1985.  Insect  and  disease  conditions  in  the  United  States  1979-1983.  Washington,  D.C. 


U.S.  Department  of  Agriculture,  Forest  Service,  Forest  Pest  Management.  Forest  insect 
and  disease  conditions  in  the  United  States,  annual  (after  1984).  Washington,  D.C. 


Note;  na=not  available. 
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Table  60 

Roundwood  harvest,  by  product.  1950-1990 


(billion  cubic  feet) 


Plywood 
&  veneer 


Miscel 

laneous 


Source:  U.S.  Department  of  Agriculture,  Forest  Service.  1988.  U.S.  timber  production, 
trade,  consumption,  and  price  statistics,  1950-1986,  table  4.  p.  13.  Washington.  D.C. 

Notes;  Miscellaneous  includes  log  exports,  pulp  chip  exports,  and  other  roundwood  pro¬ 
ducts  not  specified.  Data  for  1987-1989  are  preliminary.  Data  for  1990  are  projections. 
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Table  61  Table  62 

National  Park  System,  1872-1989  National  Wildlife  Refuges,  1920-1989 


Year 

Number 
of  units 

Land 
(million  aaes) 

Year 

Number 
of  units 

Land 
(million  acres) 

1872 

1 

2.20 

1920 

36 

na 

1880 

5 

2.20 

1940 

174 

na 

1890 

12 

3.80 

1946 

242 

17.50 

1900 

17 

4.10 

1950 

246 

17.10 

1910 

45 

7.90 

1955 

276 

17.30 

1920 

62 

9.90 

1960 

275 

17.30 

1930 

98 

10.80 

1965 

299 

28.40 

1940 

161 

22.30 

1970 

332 

29.20 

1950 

182 

24.60 

1975 

378 

32.30 

1960 

187 

26.20 

1978 

390 

32.60 

1970 

282 

29.60 

1980 

419 

69.90 

1980 

333 

77.00 

1985 

432 

88.30 

1986 

337 

79.50 

1986 

437 

88.30 

1987 

343 

79.60 

1987 

442 

88.40 

1988 

354 

80.00 

1988 

452 

88.60 

1989 

365 

80.10 

1989 

477 

89.10 

Source;  U.S.  Department  of  the  Interior, 

Source:  U.S.  Department  of  the  Interior, 

National  Park  Service.  Areas  administer- 

Fish  and  Wildlife  Sen/ice.  Lands  under 

ed  by  the  National  Park  Service:  Informa- 

the  control  of  the  Fish  and  Wildlife  Ser- 

tion  Tables,  annual.  Washington,  D.C. 

vice,  summary.  Washington,  D.C. 

Note;  na>not  available. 

Table  63 

National  Forest  System,  1891-1989 

Number  Land 


Year 

of  units 

■CKHl 

1891 

1 

1.24 

1895 

17 

17.93 

1900 

38 

46.52 

1905 

83 

75.35 

1910 

149 

168.03 

1915 

162 

162.77 

1920 

152 

156.03 

1925 

159 

158.40 

1930 

149 

160.09 

1935 

142 

163.31 

1940 

160 

174.77 

1945 

155 

177.64 

Year 

Number 
of  units 

IBIIIS 

1950 

151 

179.69 

1955 

149 

180.3 

1960 

151 

180.84 

1965 

154 

182.14 

1970 

154 

182.57 

1975 

155 

183.28 

1980 

155 

183.06 

1982 

155 

186.56 

1984 

156 

186.38 

1986 

156 

186.46 

1988 

156 

186.25 

1989 

156 

186.91 

Source:  U.S.  Department  of  Agriculture,  Forest  Sen/ice.  Land  areas  of  the  National 
Forest  System,  as  of  September  30, 1989.  Washington,  D.C. 
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Table  64 

National  Wilderness  Preservation  System,  1964-1989 


Year 

Land 
(million  acres) 

Year 

Land 
(million  acres) 

Year 

Land 
(million  acres) 

1964 

9.24 

1973 

11.03 

1982 

79.88 

1965 

9.24 

1974 

11.38 

1983 

80.21 

1966 

9.24 

1975 

12.72 

1984 

88.55 

1967 

9.24 

1976 

14.45 

1985 

88.70 

1968 

10.03 

1977 

14.49 

1986 

88.80 

1969 

10.19 

1978 

19.00 

1987 

88.99 

1970 

10.40 

1979 

19.00 

1988 

90.81 

1971 

10.40 

1980 

79.71 

1989 

91.46 

1972 

11.03 

1981 

79.84 

Source:  U.S.  Department  of  Agriculture,  Forest  Service.  National  Wilderness  Preserva¬ 
tion  System,  fact  sheet.  Washington,  D.C. 


Table  65 

National  Wild  and  Scenic  River  System,  1968-1989 


Year 

River 

miles 

Year 

River 

miles 

Year 

River 

miles 

1968 

773 

1976 

1,610 

7,217 

1969 

773 

1977 

1,610 

7,224 

1970 

868 

1978 

2,299 

7,363 

1971 

868 

1979 

2,299 

BSH 

7,709 

1972 

895 

1980 

5,662 

Bi^H 

9,264 

1973 

961 

1981 

6,908 

9,281 

1974 

1,018 

1982 

6,908 

bbh 

1975 

1,145 

1983 

6,908 

Source:  U.S.  Department  of  the  Interior,  National  Park  Senrice.  River  mileage  classifi¬ 
cations  for  components  of  the  National  Wild  and  Scenic  River  System,  unpublished 
data.  Washington,  D.C. 
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Table  66 

National  Estuarine  Research  Reserves  and  National  Marine  Sanctuaries,  1975-1989 


Estuarine  Research  Reserves 

Marine  Sanctuaries 

Year 

Number 

Number 

Area  (sq.  nmi.) 

1975 

1 

4,700 

2 

101 

1976 

3 

14,205 

2 

101 

1978 

4 

22,605 

2 

101 

1979 

5 

216,363 

2 

101 

1980 

9 

223,426 

3 

1,353 

1981 

11 

229,652 

6 

2,323 

1982 

14 

240,571 

6 

2,323 

1984 

15 

242,121 

6 

2,323 

1986 

16 

245.149 

7 

2,324 

1988 

17 

247,348 

7 

2,324 

1989 

18 

253,477 

8 

2,721 

Source:  U.S.  Department  of  Commerce,  National  Oceanic  and  Atmospheric  Administra¬ 
tion,  Marine  and  Estuarine  Management  Division,  unpublished  data.  Washington,  D.C. 


Note:  sq.  nmi.  >  square  nautical  miles  (1  square  nautical  mile  -  1 .25  square  statute 
miles  -  640  acres). 


Table  67 

National  Register  of  Historic  Places,  1967-1989 


Year 

Properties 

listed 

Properties 

removed 

Year 

Properties 

listed 

Properties 

removed 

1967 

873 

2 

1979 

20,589 

366 

1968 

903 

3 

1980 

24,680 

403 

1969 

1,106 

4 

1981 

26,499 

406 

1970 

1,888 

19 

1982 

29,999 

420 

1971 

3,026 

51 

1983 

35,112 

434 

1972 

4,376 

93 

1984 

39,121 

440 

1973 

6,646 

144 

1985 

42,538 

445 

1974 

8,247 

188 

1986 

45,936 

452 

1975 

10,805 

231 

1987 

48,254 

525 

1976 

12,561 

265 

1988 

51 ,286 

574 

1977 

14,203 

290 

1989 

53,838 

635 

1978 

16,575 

338 

Source:  U.S.  Department  of  the  Interior,  National  Park  Service.  The  National  Register  of 
Historic  Places,  unpublished  data.  Washington,  D.C. 
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Table  68 

Visits  to  areas  administered  by  the  National  Park  Service,  1905-1988 
(millions) 


Year 

Visits 

Year 

Visits 

Year 

Visits 

1905 

0.14 

1935 

7.88 

1965 

102.71 

1910 

0.20 

1940 

16.33 

1970 

150.84 

1915 

0.34 

1945 

6.83 

1975 

238.85 

1920 

1.06 

1950 

29.86 

1980 

300.32 

1925 

2.05 

1955 

52.27 

1985 

346.19 

1930 

3.25 

1960 

65.46 

1988 

368.00 

Source;  U.S.  Department  of  the  Interior.  National  Park  Sen/ice,  Statistical  Office. 
National  Park  statistical  abstract,  annual.  Denver,  CO. 


Table  69 

Population  trends  for  selected  permanent  resident  bird  species,  1966-1987 
(percent  change  per  year) 


Trend 


Common  name 

1966-1978 

1978-1987 

Northern  bobwhite 

-36 

-0.8 

Great  horned  owl 

0.8 

2.0 

Downy  woodpecker 

-0.2 

-0.7 

Hairy  woodpecker 

1.8 

1.6 

Pileated  woodpecker 

1.2 

2.6 

Black-capped  chickadee 

1.8 

3.4 

Carolina  chickadee 

0.0 

-0.5 

Tufted  titmouse 

-2.0 

3.5 

Brown-headed  nuthatch 

-1.9 

-3.3 

Carolina  wren 

1.2 

5.4 

Northern  mockingbird 

-1.7 

0.0 

Northern  cardinal 

-0.9 

0.6 

House  sparrow 

-1.4 

-1.4 

Source;  Robbins,  C.S.,  J.R.  Sauer,  R.S.  Greenberg  &  S.  Droege.  1989.  Population 
declines  in  North  American  birds  that  migrate  to  the  neotropics.  Proc.  Natl.  Acad. 
Sci.  86,  pp.  7658-7662. 
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Table  70 

Population  trends  for  selected  neotropical  migrant  bird  species,  1966-1987 


(percent  change  per  year) 


Common  name 

Trend 

1966-1978 

1978-1987 

Yellow-billed  cuckoo 

1.8 

-5.0 

Whip-poor-will 

0.6 

-0.8 

Ruby-throated  hummingbird 

0.4 

1.8 

Eastern  wood  pewee 

-2.1 

-0.7 

Least  flycatcher 

-1.6 

-0.2 

Veery 

1.6 

-2.4 

Wood  thrush 

1.3 

-4.0 

White-eyed  vireo 

0.3 

-1.2 

Red-eyed  vireo 

2.8 

0.2 

Tennessee  warbler 

18.6 

-11.6 

Blackburnian  warbler 

1.3 

-1.1 

American  redstart 

1.3 

-1.2 

Prothonotary  warbler 

4.4 

1.1 

Ovenbird 

1.0 

-1.0 

Louisiana  waterthrush 

-1.0 

-0.4 

Common  yellowthroat 

0.2 

-1.9 

Yellow-breasted  chat 

-4.5 

1.2 

Scarlet  tanager 

2.6 

-1.2 

Rose-breasted  grosbeak 

6.1 

-4.1 

Indigo  bunting 

0.4 

-0.7 

Northern  oriole 

2.0 

-2.9 

Source;  Robbins,  C.S.,  J.R.  Sauer,  R.S.  Greenberg  &  S.  Droege.  1989.  Population 
declines  in  North  American  birds  that  migrate  to  the  neotropics.  Proc.  Nad.  Acad. 
Sci.  86,  pp.  7658-7662. 
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Table  71 

Population  estimates  and  indices  for  selected  waterfowl,  1955-1989 


Population  estimate  I 

Population  indices 

Year 

Northern 

pintail 

(millions) 

Mallard 

(millions) 

Canvasback 

(thousands) 

Canada 

goose 

(millions) 

Tundra 

swan 

(thousands) 

1955 

9.25 

10.35 

595 

1.28 

90 

1956 

10.12 

11.71 

692 

1.32 

39 

1957 

6.86 

10.95 

600 

1.11 

40 

1958 

6.89 

12.90 

713 

1.22 

28 

1959 

7.23 

10.29 

481 

1.21 

28 

1960 

5.77 

8.21 

575 

1.14 

41 

1961 

4.86 

8.29 

396 

1.49 

63 

1962 

4.30 

6.14 

385 

1.36 

39 

1963 

4.36 

7.36 

523 

1.59 

61 

1964 

4.11 

6.97 

658 

1.52 

62 

1965 

4.30 

5.95 

505 

1.41 

54 

1966 

5.78 

7.40 

683 

1.43 

58 

1967 

5.87 

8.21 

556 

1.66 

72 

1968 

4.23 

7.59 

557 

1.57 

46 

1969 

6.39 

8.07 

530 

1.74 

62 

1970 

7.00 

10.38 

601 

1.93 

55 

1971 

6.29 

9.84 

441 

1.92 

58 

1972 

7.88 

9.87 

429 

2.07 

63 

1973 

5.11 

8.78 

696 

1.99 

57 

1974 

7.17 

7.39 

493 

2.14 

64 

1975 

6.39 

8.11 

706 

2.19 

67 

1976 

6.05 

8.64 

686 

2.41 

79 

1977 

4.97 

8.23 

702 

2.58 

76 

1978 

5.66 

7.70 

423 

2.79 

70 

1979 

6.07 

8.44 

606 

2.41 

79 

1980 

5.42 

8.00 

688 

2.38 

60 

1981 

4.23 

6.76 

594 

2.76 

93 

1982 

4.11 

6.68 

543 

2.23 

73 

1983 

4.09 

7.11 

528 

2.59 

86 

1984 

3.66 

5.97 

569 

2.44 

81 

1985 

2.94 

5.48 

411 

2.76 

94 

1986 

3.20 

6.30 

442 

2.82 

91 

1987 

3.14 

6.69 

478 

2.97 

94 

1988 

2.58 

6.55 

435 

3.13 

77 

1989 

2.47 

6.12 

488 

3.21 

91 

Source; 

U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Office  of  Migratory 

Bird  Management  in  conjunction  with  the  Canadian  Wildlife  Service.  1989  status  of 
waterfowl  and  fall  flight  forecast.  Washington,  D  C. 

Notes;  Estimates  for  northern  pintail,  mallard,  and  canvasback  are  for  breeding  popu¬ 
lations.  Indices  for  Canada  goose  include  cackling  goose  and  are  based  on  fall  and 
winter  surveys.  Indices  for  tundra  swan  are  for  the  eastern  population  and  are  based 
on  winter  surveys.  na=not  available. 
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Table  72 

Population  trends  for  selected  waterfowl,  196&-1988 
(percent  change  per  year) 


Trend 


Common  name 

1966-1987 

1987-1988 

1 

Canada  goose 

7.4 

19.6 

Wood  duck 

3.6 

-1.5 

Mallard 

0.9 

-4.4 

Northern  pintail 

-6.9 

-39.4 

Blue-winged  teal 

-0.8 

5.6 

Northern  shoveler 

-1.1 

40.0 

Gadwall 

3.5 

86.7 

Source:  Droege,  S.  &  J.R.  Sauer.  1989.  North  American  breeding  bird  sun/ey,  annual 
summary  1988.  Biol.  Rep.  89(13),  pp.  1-12. 


Table  73 

Threatened  and  endangered  U.S.  wildlife  and  plants,  1980-1989 
(number,  cumulative) 


Threatened _  _ Endangered 


Group 

1980 

1985 

1989 

1980 

1985 

1987 

1989 

Mammals 

3 

4 

7 

6 

32 

20 

50 

32 

Birds 

3 

3 

10 

7 

66 

59 

76 

61 

Reptiles 

10 

8 

18 

14 

13 

8 

15 

9 

Amphibians 

3 

3 

4 

4 

5 

5 

5 

6 

Fishes 

12 

14 

30 

25 

34 

30 

47 

49 

Snails 

5 

5 

5 

6 

2 

3 

3 

3 

Crustaceans 

0 

1 

1 

1 

1 

3 

7 

8 

Insects 

6 

4 

7 

7 

7 

8 

10 

10 

Arachnids 

0 

0 

0 

0 

0 

0 

3 

3 

CIcuns 

0 

0 

0 

0 

23 

22 

30 

34 

Plants 

7 

10 

44 

42 

51 

67 

158 

163 

Total 

49 

52 

126 

112 

234 

225 

404 

378 

Source;  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Division  of  Endan- 
gered  Species  and  Habitat  Conservation,  unpublished  data.  Washington,  D.C. 
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Table  74 

Population  estimates  for  selected  threatened  and  endangered  wildlife  populations. 
1941-1989 


Year 

Bald  eagle 
(minimum  estimate 
of  nesting  pairs) 

Whooping  crane 
(number  in  Texas- 
Canada  flock) 

Key  deer 
(number  of 
individuals) 

1941 

na 

16 

na 

1948 

na 

30 

26 

1949 

na 

34 

30 

1951 

na 

25 

na 

1964 

600 

42 

300 

1968 

na 

50 

na 

1969 

na 

56 

na 

1970 

na 

57 

na 

1971 

na 

59 

na 

1972 

na 

51 

na 

1973 

na 

49 

400 

1974 

na 

49 

na 

1975 

850 

57 

na 

1976 

na 

69 

na 

1977 

na 

72 

na 

1978 

1,000 

75 

400 

1979 

1,100 

76 

na 

1985 

1,900 

97 

250 

1987 

2,100 

148 

na 

1989 

2,550 

145 

e 

Source;  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Sen/ice,  Division  of  Endan- 
gered  Species  and  Habitat  Conservation,  unpublished  data.  1987.  Washington,  D  C. 

Notes;  e=250-300  individuals.  na>not  available. 
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Table  75 

Municipal  solid  waste  generation  and  recovery,  1960-1990 


Materials 

recovery 

Energy 

recovery 

(million 

tons) 

Year 

Per  capita 
(pounds 
per  day) 

Total 

(million 

tons) 

Per  capita 
(pounds 
per  day) 

Total 

(million 

tons) 

1960 

2.65 

87.5 

0.18 

5.8 

0 

81.7 

1965 

2.88 

102.3 

0.17 

6.2 

0.2 

95.9 

1970 

3.22 

120.5 

0.21 

8.0 

0,4 

112.1 

1975 

3.18 

125.3 

0.23 

9.1 

0,7 

115.5 

1980 

3.43 

142.6 

0.32 

13.4 

2,7 

126.5 

1985 

3.49 

152.5 

0.35 

15.3 

7.6 

129.7 

1990 

3.67 

167.4 

0.40 

18,4 

13.3 

135.7 

Source:  U.S.  Environmental  Protection  Agency,  Office  of  Solid  Waste  and  Emergency 
Response.  Characterization  of  municipal  solid  waste  in  the  United  States,  1960  to  2000. 
Prepared  by  Franklin  Associates,  Prairie  Village,  KS. 


Notes:  Data  for  1990  are  projections. 


Table  76 

Municipal  solid  waste  recovered,  by  waste  type,  1960-1990 


(percentage  of  gross  discards) 


Year 

Paper 

Glass 

Metal 

Alum¬ 

inum 

Plas-  Rubber 
tics  &  leather 

Textiles 

Wood 

Food 
&  yard 

1960 

30.0 

7.8 

12.3 

0.5 

0.5 

2.1 

2.1 

3.7 

39.4 

1965 

33.5 

8.8 

10.6 

0.5 

1.5 

2.3 

2.0 

3.6 

35.4 

1970 

32.4 

11.1 

11.3 

0.7 

2.7 

2.7 

1.8 

3.6 

32.0 

1975 

29.6 

11.4 

10.6 

0.9 

3.8 

3.2 

1.9 

3.8 

33.2 

1980 

32.5 

11.0 

9.0 

1.1 

5.9 

3.2 

2.0 

3.8 

29.7 

1985 

35.5 

8.9 

7.8 

1.2 

2.5 

2.0 

2.0 

3.9 

29.4 

1990 

36.8 

8.3 

7.6 

1.3 

2.3 

2.0 

2.0 

3.6 

28.2 

Source:  U.S.  Environmental  Protection  Agency,  Office  of  Solid  Waste  and  Emergency 
Response.  Characterization  of  municipal  solid  waste  in  the  United  States,  1960  to  2000. 
Prepared  by  Franklin  Associates,  Prairie  Village,  KS. 


Notes:  Data  refer  to  waste  discarded  after  materials  recovery  has  taken  place.  Data  for 
1990  are  projections. 
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Table  77 

U.S.  production  of  intermediate  and  finished  synthetic  organic  chemical 
products,  1967-1988 


Year 


Product 

Em 

1967 

1981 

EEIill 

Crude  coal  tar 

m  gal 

na 

464 

316 

284 

342 

na 

169 

189 

162 

Petroleum 

b  lbs 

na 

110 

93 

110 

109 

105 

114 

101 

112 

Cyclic  intermediates 

b  lbs 

21 

45 

38 

43 

47 

46 

50 

55 

58 

Dyes 

m  lbs 

206 

230 

222 

244 

233 

222 

236 

255 

280 

Organic  pigments 

m  lbs 

53 

76 

71 

78 

86 

81 

89 

94 

116 

Medicinal  chemicals 

m  lbs 

180 

245 

227 

233 

279 

225 

264 

261 

258 

Flavor  &  perfume 

m  lbs 

112 

165 

156 

174 

179 

152 

138 

126 

162 

Plastic  &  resin 

bibs 

14 

41 

38 

44 

48 

50 

52 

60 

63 

Rubber  processing 

m  lbs 

264 

280 

232 

293 

288 

260 

324 

382 

353 

Elasticizers 

b  lbs 

4 

5 

4 

4 

5 

4 

4 

5 

5 

Plasticizers 

bibs 

1 

2 

1 

2 

2 

2 

2 

2 

2 

Surface-active  agents 

bibs 

4 

5 

4 

5 

6 

5 

6 

6 

7 

Pesticides 

b  lbs 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Miscellaneous 

b  lbs 

60 

117 

115 

114 

116 

116 

119 

123 

134 

Source;  U.S.  International  Trade  Commission.  Synthetic  organic  chemica:.-  i.hited 
States  production  and  sales,  1988  and  earlier  issues.  Washington,  D.C. 


Notes;  Qty=Quantity.  m  gal=million  gallons,  m  lbs=million  pounds,  b  lbs»billion  pounds. 
Petroleum=Primary  products  from  petroleum  and  natural  gas  for  chemical  conversion. 
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Table  78 

U.3.  production  of  selected  synthetic  organic  chemicals,  1950-1988 
(billion  pounds) 


Year 

Acrylo¬ 

nitrile 

Benzene 
(all  grades) 

Vinyl 

(monomer) 

chlorides 

Phthalates 

(anhydride 

phthalic) 

PCBs 

1950 

na 

na 

0.25 

0.14 

na 

1955 

0.12 

na 

0.53 

0.21 

na 

1960 

0.23 

na 

1.04 

0.34 

0.04 

1961 

0.25 

na 

1.04 

0.38 

0.04 

1962 

0.36 

na 

1.31 

0.47 

0.04 

1963 

0.46 

na 

1.44 

0.52 

0.04 

1964 

0.59 

na 

1.62 

0.60 

0.05 

1965 

0.77 

6.08 

2.00 

0.68 

0.06 

1966 

0.72 

7.02 

2.50 

0.75 

0.07 

1967 

0.67 

7.12 

2.42 

0.78 

0.08 

1968 

1.02 

7.50 

2.97 

0.84 

0.08 

1969 

1.16 

9.01 

3.74 

0.88 

0.08 

1970 

1.04 

8.69 

4.04 

0.86 

0.09 

1971 

0.98 

7.91 

4.34 

0.98 

0.04 

1972 

1.11 

9.20 

5.09 

1.15 

0.04 

1973 

1.35 

10.68 

5.35 

1.20 

0.04 

1974 

1.41 

10.94 

5.62 

1.21 

0.04 

1975 

1.21 

7.52 

4.20 

0.90 

0.03 

1976 

1.52 

10.47 

5.68 

1.04 

0.03 

1977 

1.65 

10.55 

5.99 

1.20 

0.01 

1978 

1.75 

10.94 

6.94 

1.26 

0.00 

1979 

2.02 

12.29 

7.54 

1.29 

0.00 

1980 

1.83 

11.64 

6.47 

1.05 

0.00 

1981 

2.00 

9.84 

6.87 

1.12 

0.00 

1982 

2.04 

7.85 

6.50 

0.95 

0.00 

1983 

2.15 

9.70 

6.88 

1.15 

0.00 

1984 

2.22 

10.00 

6.08 

1.18 

0.00 

1985 

2.35 

10.25 

9.46 

0.82 

0.00 

1986 

2.31 

9.97 

8.44 

0.86 

0.00 

1987 

2.50 

10.86 

8.55 

1.02 

0.00 

1988 

2.61 

11.63 

9.06 

1.00 

0.00 

Source:  U.S.  International  Trade  Commission.  Synthetic  organic  chemicals,  United 
States  production  and  sales,  1988  and  earlier  issues.  Washington,  D.C. 

Notes:  PCB=Polychlorinated  biphenyl.  PCB  has  not  been  produced  since  1978. 
na=not  available. 
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